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INTRODUCTION

Dust explosions occur when particular levels of concentration, {g-
nition energy, air and confinement are present, To reduce the risk of
dust explosions in propellant and explosive manufacturing plants, dust
i captured as it is generated and transported through ducts to filters,
separators or collectors. As dust flows through ducts, static elec-
tricity is generated by the collisions of dust particles with each other
and wlth the ducting. If this electrostatic energy is of a sufficient
level, it could initiate burning or explosive reactions within the dust.
If the electrostatic energy level is less than that requited to initiate
the energetic reaction directly, it can still contribute to initiation
by reducing the energy required from some other ignition source. Bonding
and grounding techniques can mitigate these effects if the static elec-
tricity can be bled off at a higher rate than it is generated. Howuver,
flow conditions within the duct could be such that insulation of the
static electricity from the grounding system could inhibit the full po-
tential of grounding.

Another potential hazard exists within the dust collection system.
If the dust concentration is above the lower explosive limit, and if the
dust 1s initiated, the duct could be the basis of transporting explo-
sive reactions to other operations and stations within the plant, or out
to the dust collector. The interrelations of duct size, concentration
levels, and flow conditions have not been investigated in terms of ini-
tiating and propagating reactions within ducts.

Dusts which do not contain their own oxidizer have an upper explo-
give limit, That is, Lf the dust concentration is sufficiently high, the
fuel-air ratio of the cloud is sufficiently rich to preclude sustalning
an energetic reaction. With dusts made from explosives and propellants,
however, the oxidizers within the materials can contribute to sustaining
energetic reactlions at high concentrations., This, in turn, can provide
a more energetic explosiou than would be expected Erom dust with no in-
ternal oxygen.

It appears reasonable to expect that dust collection systems can
contribute to the accident potential within the plants. It is also rea-
sonable to expect that the Initiation of explosive reactions and propa-
gations within the dust collection ducts are much more complex in the
dynamic environment than in one that is static. What was needed, then,
was a characterization of the environment within the dust collection
systems so that controls can be postulated and evaluated. To this end,
a series of site visits was made to ascertain the electrostatic poten-
tial buildup in representative dust collectlion ducts. Also measured
were dust concentration levels on time-average bases.

Since high dust concentrations can contribute to the violence of
the explosive reactions, it was determined that it would be desirable
to measure the concentration levels in dust collection ducts dynamicdlly.
A survey was conducted to determine {f off-the-ghelf instrumentation




exists which will measure dust concentrations at levzls within the ex-~
plosive range. After an extensive search, one such instrument was eval-
uated.

Most dust explosive potential characterizations are conducted using
the Hartmann apparatus. This instrument is useful for evaluating rela-
tive characteristics between dust types. However, it has been shown
that this instrument underpredicts both the peak pressure and the pres-
sure rise rate for full scale explosions, Both parameters are important
in designing explosion venting or explosion-resistant structures, and
larger chambers arc needed to allow the full-scale trends to be pre-
dicted. A series of experiments was conducted using 402 and 1000% ves-
sels to characterize the peak pressure and pressure rise rate for ex-
plosive dust.

The remaining sections of this report describe: the site visits,
the instrumentation used and the data collected, an assessment of the
data gathered from the site visits, the results of the survey of con~
centration measurement Iinstruments, explosion characterization experi-
ments with Hartmann 404 and 10008 chambers, conclusions and recommen-
dations,




ARMY AMMUNITION PLANT TESTING

Test Objectives

The objective of the sampling conducted in the Army Ammunition
Plants (AAP) was to characterize the explosion potential in the ducts
uged to transport explosive dust generated from selected muuitlons manu-
facturing processes during actual plant operation. The essential mca-
surements made werc aimed at quantifylng the concentration of explosive
dust and the level of electrical energy resulting from electrostatic
charge accumulation in the duct. The three plants visited were

Louisiana AAP, Shreveport, Louisiana
Longhorn AAP, Marshall, Texas
Lone Star AAP, Texarkana, Texas.

Preliminary Plant Visits

Prior to actual testing, a preliminary visit was made to each plant
to become familiar with the type of manufacturing processes, to seluct
those processes where sampling would subsequently be performed, and to
determine the logistical requirements necessary to interface measure-
ment equipment with the in~process dust collection systems.

A summary of the important aspects of the preliminary plant visits
ig enumerated below:

® The majority of dust exhaust ducting used to transport
explosive duast from the manufacturing process is of
small [< 5,08 cm (2 in.)] diameter.

¢ The Internal static pressures within the ducting ranged
from 2.29 to 152 mm Hg (0.09 to 6.0 in, Hg) vacuum.

e Plant operating safety requirements do not allow personnel
in the production area during operation. This requires
the implementation of remote sampling techniques.

e Most production processes operate on a half-day produc-
tion schedule, with blocks of time set aside for start-
up, housekeeping, shutdown, breaks, and lunch. The
operational schedule effectively limits the sampling
that can be performed in one day.

e All of the plants required that the data collection be
designed for minimum interruption of production. In
some cases shutdown of production was not allowed for
servicing or inspection of the sampling equipment.

e Typically, production schedules are short-term and notice
of production start-up cannot be given more than one week
in advance.




e Each duct sample location required the fabricaiion of
a raplacement duct section in which the necer :y dust
and electrostatic sampling ports were instal. -, The
replacement sections were removed at the completion of
the sampling and the original ducting was replaced.

Test Equipment and Procedures

After the initial plant visits, a sampling strategy waa developed
which would enable the measurement of the critical parameters affecting
the explosibility of the dust in the duct. The critical parameters
which, by contract, were measured included:

Duct Velocity

Flow Rate

Dust Concentration
Duct Temperature
Duct Humidity
Charge Density
Electric Field.

The test equipment and procedures used to measure the above parameters
are described in the following sections.

Dust Sampling Equipment

To characterize the concentration of dust flowing inside a
duct, two criteria must be considered. First, one must be able to with-
draw a measured amount of the dust from the duct over a known period of
time. The collection velocity mnst be the same as the internal duct
flow velocity so that it does not alter the distribution of dust particle
sizes. By meeting these conditions, one can obtain an accurate measure- '
ment of dust concentration at one point in the duct. In order to define
the overall dust concentration, a reasonable number of points must be
sampled over the entire duct cross section., The above sampling tech-
niques, known as gravimetric sampling under isokinetic conditions, was
used in the determination of dust concentration at selected locations
within the dust collection systems of several processes in the three
Army Ammunition Plants mentioned above.

Duct Velocity and Flow Rate.

Dust sampling was initiated by measuring the internal
flow veloeity in the duct at various pcints along the vertical diameter
of the selected duct sample location. The equipment used to accomplish
this was a pitot static tube and a magnehelic gage as shown in Figure 1.
Based on standard practices, the duct cross section was divided into
three concentric annulli with equal areas and the velocity pressure was
measured at the centers of these areas on each side of tlie duct center- N
line. An additional measurement was also taken at the duct centerline. ;
The sample locations are shown in Figure 2. (In some cases, the top and ;
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bottom locations could not be sampled because the probe could not be
physically positiouned at these locations due to the design of the probe.)
The velocity at each point was then calculated by the following equa-

tion:
v, = 1096/ =% (1)
i p
where
VPi = velocity pressure at the ith traverse point

p = density of the gas at the duct sample location.

To calculate the gas density, the duct humidity, temperature, and
static pressure were measured. The method for determining the humidity
consisted of measuring the wet and dry bulb temperature of a continuous
sample stream that was withdrawn from the duct through a 6.35 mm
(0.25 in.) stainless steel tube as shown in Figure 3. An inline metal
filter (5 micron pore size) was used to prevent dust build-up on the
wick of the wet bulb thermometer. Provided no moisture condensed out
in the sample tubing, the absolute humidity obtained from the wet and
dry bulb reading taken in the2.54 em (1.0 in.) pipe cross fixture would
be the same as that in the duct. A more detailed velocity equatlon,
which includes the calculation of the gas density in the duct is given
in Appendix A.

The total duct flow rate, Q, was obtained by multiplying the aver-
age of the velocity measured at the seven points,V, by the duct cross
section, Ad, as shown below:

7
Tei) v, 2)
im1
Q= V-Ad (3

Dust Concentration,

To obtain dust concentrations within the duct, dust samples
were collected using the probe/filter arrangement shown in Figure 4.
The locations where the samples were withdrawn coincided with the ve-
locity traverse points. The probe was fabricated from standard 6.35
mm (0.25 in.) stainless steel tubing long enough to traverse the en-~
tire duct diameter. The filter on which the explosive dust was trapped
was a MilliporeW” 37-mm plastic filter casette. Each casette contained
a backing pad which supported a pre-weighed acetate filter paper. These
filters are typically used for ambient particulate sampling. The inlet

® Registered Trademark of Millipore Corporation, Bedforth, MA,
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was drilled out to slightly less than 6.35 mm (0.25 in.) to allow for 4
friction fit between the probe and filter cassette,

Once the velocity, V{, was determined at a particular traverse
point inside the duct, the sample flow rate, Qgj, required to extract a
dust sample isokinetically was calculated by Equation 4:

-y e Ap (4)

Qg =Yy

where

A = the cross-sectional area of the dust sampling
probe.

The rotameter on the measurement panel board in Figure 5 was used to mon-
iter the actual sampling flow rate.

Calculation of the dust concentration at each traverse point was
obtained by Equation 5:

W
Di
C, o v (5
1 QsiAtsi
where

Ci = duest concentration in the duct

wDi = yelight of dust collected on the filter
caspette

Qsi = probe sample flow rate
AtBi = gampling time,

and the subscript i represents the value at the 1th traverse point.

Electrostatic Instrumentation.

The objectives of the electrostatic sampling were to measure
the electrostatic conditions in representative explosive and pyrotechnic
dust collection systems and to assess the potential hazards imposed by
the observed electrostatic levels. To accomplish these objectives, the
electrostatic charge levels within selected dust collection systems

10
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the dust being transported through the ducts and the resulting electric

fields at the duct inner walls. An instrument designed originally for

measuring the space charge density of charged water aerosols [1,2,3]

was used for making the charge density measurements. A Monroe Elec- )
tronics, Inc., Model 171 electric fieldmeter was used for the electric ﬁg
fleldmeter measurements. A theoretical equation was derived for circu- y
lar geometries that allows estimation of the electrical energy in the L V!
ducting which 1s potentially available for diescharge from the measure- o
ments of the charge density and the electric field. The derivatilon of b}
this equation is provided in Appendix B, Calibration of the electro- ’
statics instrumentation is also discussed in Appendix B. c

were monitored with instrumentation that measured the charge density of ' ﬁ
§

Charge Density Measurement. N

Charge density measurements were made with a charge density
meter designed and built by SwRI for the purpose of measuring electro- |
static space charge on water and hydrocarbon aerosols within the cargo
tanks of crude oll tankships, The instrument was designed and fabricatad f
to comply with the requirements of the National Fire Protection Associa- ‘
tion (NFPA) Standard 460, 'The charge density meter consists of a Sen- . .
sor Unit, a Control and Readout Unit and a Power Supply. These units ‘
are shown in Figures 6, 7 and 8, 3

Operation of the instrument requires ingesting a sample of the ij
dust flow in the duct through the sensor unit. The sensor contains a 1
series of steel screens which trap the charge laden dust particles. The . 1
charge 1s removed from the steel screens to ground to avoid the build-
up of hazardous energies in the sensor., This creates a picoampere ,
current flow which is converted to a voltage for display on the control j
and readout unit and for recording. Both the sensor and the control '

and readout units are powered by the power supply, ‘ }

A dust sample was extracted from the dust collection duct and
transferred to the charge density meter through a 30.5 m (100 ft) long
ronductive rubber hose. Sample withdrawalwas initlated by activating
a pneumatically controlled three-way ball valve. One valve inlet was
connected to the duct, and the other inlet went to the atmosphere and
was used to purge the charge density meter before measurements were
made., In practice, the dust was extracted from the duct for 30 to 60
seconds and transported through the conductive rubber hose to the sen-
por where the steel screens trapped the majority of the dust particles.
Aa industrial vacuum cleaner drum was located downstream of the charge
density meter to prevent any residual dust from getting into the vac-
uum pump or discharging to the atmosphere. Sampling flow rates wete
monitored by a turbine flow meter installed between the dust collector
and the vacuum pump. Figure 9 shows schematically the equipment to ob- .

,tain the charge density measurements.
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Electric Field Measurement.

The Model 171 Monroe Electronics Electric Fieldmeter was used
in conjunction with a Model 1019B sensor probe to measure the electric
field at the inner surface of the duct., The Model 1019B senscr contains
a vibrating electrode enclosed in a capped, cylindrically~-shaped probe.
The environment in which the probe is positioned is viewed by the sen-
sor through an opening on the face of the probe. An electric field
from the charged dust particles around the sensor creates a voltage on
the electrode, which is amplified. The amplified signal is sent to the
Model 171 mainframe for demodulation and readout. A feedback voltage
to the sensor head automatically nulls the electric field being measured.
This feedback voltage is proportional to the field intensity at the
probe, A constant low-pressure filtered air flow 1s provided to the
probe for purging to reduce the deposition of dust on to the sensor,

Measurements with the electric field meter ware confined to those
plants sampling locations with large diameter ducts. Due to the phys~
ical dimensions of the sensor [approximately 5.1 cm (2.0 in.) diameter]
sampling in small ducts was precluded because the probe would lead to
distorted electric field measurements.

17




PLANT VISITS AND SAMPLING RESULTS

Prior to initiating the actual sampling, a test plan was developed
for each of the three Army Ammunition Plaants chosen for study., The test
plans were submitted to ARRADCOM and ARRCOM for review and approval. Once
the test plans were approved, each plant was contacted individually and
arrangement for plant support, dimensions of the ducting to be replaced
by test sections, specifications of the dust control systems and a date
for the plant sampling were obtained. The following sections describe
the plant processes in which sampling was performed and detail the re-
sults of the measurements. A short summary at the end of this geztion
compares the measurements taken at all sampling locations.

Louisiana AAP

The dust exhaust ducting of two different processes in the Louisiana
AAP was sampled for both dust concentration and electrostatic charge
accumulation., The two processes were (a) the Composition B screening
and bin loading in Building 1611 and (b) the 155 mm shell drill out op-
eration in Building 1619, Along with investigating the above parameters
based on the differences in the processes vonducted in the two buildings,
the visit to Louisiana AAP also afforded sampling in a variety of differ-
ent duct sizes. Large diameter ducts of 30.5 em (12.04in.) and 10,2 cm
(4,0 in,) were prevalent in 1611 as compared to the small 5.1 ecm (2.0in.)
ducting utilized in 1619,

Process Descriptions and Sample Locations

Building 1611,

In Buildinpg 1611, bulk Composition B explosive is received in 27.4
kg (60 1b) boxes and conveyed to the second floor of the building. The
boxes are dumped onto a shaker table and the explosive is screened for
removal of foreign matter. Dust generated by this operation i1s coutalned
by vent hoods above the shaker table and transferred through 30.5 cm
(12.0 in.) diameter ducts to the wet collector shown Iln Figure 10, After
screening, the explosive material drops through a duct into a load-
ing bin on the first floor. To assure even filling of the hopper, one
plant employee stiis the contents with a paddle. The dropping of the
flake material produces explosive dust which is removed in a 10.2 cm
(4.0 in.) duct attached to the hopper. The 30.5 em (12,0 in.) and
10.2 em (4.0 1in.) ducts connect in a Y~configuratlion on the first floor
and continue on toward the wet collector, The duct diameter downstream
of the Y was also 30,5 em (12.0 in.).

As shown in Figure 11, three locations were sampled at 16ll. Sample
location No. 1 was located in the second floor exhaust ducting servicing
the shaker table, while location No., 2 wag in the ducting connected
directly to the loading bin on the first floor. The combined effects of
these two activities were lnvestigated at location No. 3 which was near
the wet collector. Each location coincided with a duct cleanout opening

18
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as shown in Figure lla, These openings are used to facilitate removal
of dust accumulations in the ducting; this cleaning operation is per-
formed once a week., The cleanouts for sample locations No, 1 and 2 were
on the bottom side of the duct while sample location No. 3 had a clean-
out on the top of the duct, The probe attachment fixture used to inter-
face the dust and electrostatic sampling equipment 1is shown in Figure
11bh, and installed in the duct in Figure lla. The essential feature

in its design was the round bottom which was required to provide a con-
tinuous cylindrical surface with the existing ducting to prevent dis-
turbances in the flow during normal operation.

Building 1619.

The process in Building 1619 was the drill out of Composition
B which had been cast into the body of 155 mm shells. The explosive ma-
terlal is removed to provide room for the installation of a fuze in a
subsequent operation, Typically, a skid containing twenty-four 155 mm
shells is moved to one of the drilling cubicals shown in Figure 12, An
alr driven drill, which has internal passages for dust ejection inside
the drilling head, 1s used to drill and face the explosive in the nose
of the shell. Dust generated by this operation is removed by suction
down a 5.1 em (2.0 in.) exhaust line to a Hoffmann primary dry dust
collector. Downstream of the primary collector is a secondary collecwr
and a high capacity vacuum pump.

For normal drilling, approximately 11.3 kg (25 1b) of dust is ex-
hausted from two skids of 155 mm shells. In some cases, "deep drilling"
is performed to remove the Composition B when flaws or voids are found
in the casting., During the sampling activity, both types of drilling
operations were investigated. Two sampling locationa were selected in
1619 and they are shown in Figure 12, Sample location No. 4 was lo-
cated near the drilling opevation. Sample Location No, 5 was downstream
af No. 4, Attachment of the sampling probes was accommodated bv replacing
the uxisting ducting with instrumented duct section, Figure 13 1llus-
trates one such replacement duct installed at sample Location No. 5.

At the completion of the sampling efforts, the original ducting was re-
installed.

Dust Concentration Measurements

Table 1 illustrates the dust velocity and [low rates obtained in
Buildings 1611 and 1619, For all sample locations, a blunt shape velocity
profile was obtained, indicating that the duct flow was turbulent. The
accuracy of the velocity measurements is indicated by the approximate
equality of the sum of the flow rates in the duct at sample locations
1 and 2[63.3 + 4.9 = 68,2 m3/min (2237 + 172 = 2409 ft3/min)] a8 com-
pared to the flow rate at location 3 [67.6 m3/min (2388 + 4,9 ft3/min)]of
building 1611, Significantly higher flow velocities and negative static

20
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Duct Concentrat oy
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(a)
Typical Cleanout with Probe Attachment Fixture Installed

Figure lla. Fixtures Used to Penetrate the Building 1611 Ducting
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k ‘ Probe Attachment Fixture with Velocity and Dust
Sampling Probes Inatalled

Figure 11b, Fixtures Used to Penetrate the Building 1611 Ducting
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Figure 12. Dust and Electrostatic Sample Locations in the
Drilling Operation of Building 1619, Louisiana AAP
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Instrumented
Duct Section

Dust Sampling
Panel Board

Figure 13. 1Instrumented Duct Section Installed at Sample
Location No. 5 at Building 1619, Loutsiana AAP
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pressures (vacuum) were measured in the drilling operation exhaust duct~
ing of 1619 as compared to 1611, The magnitude of the differences in
these two parameters stems from the differences in the duct diameters
and the relative size and number of dust inlets in the two dust removal
systems.

The gravimetric dust sampling data obtained at the two plant pro-
cesses is shown in Table 2., Dust samples were obtained at each sample
location in the ducting of 1611, However, only one location wassampled
in 1619. TLow dust loading at 1611 required relatively long sample per-
iods. Consequently, reduction of the number of dust concentration sam-
ples was made to allow reasonable description of dust flow with the
short working schedule at 1611, Essentially, three of the velocity
traverse points were sampled in the large ducting in Building 1611 at
each sample location, The reduced sampling effort was aimed at inspect-
ing the dust concentration gradient by sampling at the duct centerline
and one point above and below the centerline, On the other hand, high
dust loading and the small diameter ducting precluded taking samples at
multiple points across the duct centerline in 1619, Consequently,
each dust sample was taken at the centerline of the 5.1 cm (2.0 in.)
duct,

As seen 1in Table 2, dust concentrations for the drilling operation
in 1619 were approximately three orders of magnitude higher than the
concentrations obtained in the hopper loading operation of 1611, When
one analyzes the type of activity and the quantity of dust being gen-
erated from both processes, this finding is not unreasonable. The con-
centrations obtained at 1619 also agree well when compared to concentra-
tions obtained from the overall loading rates inte the primary collector.
Larlier in this report 1t was mentioned that drilling of 48 shells accu-
mulated 25 1b (11.34 kg) of explosive dust, Based on an observed time
of 0,15 minutes to grill one shell, and an overall duct flow rate of
3,77 m3/min (133 £t3/min), a calculated dust concentration of

0.42 oz/ft3 I8 obtained during the drilling of one shell.

Since the operation in 1611 utilized a wet dust collector, a com-
parison similar to that noted above could not be performed to validate
the measured concentrations. However, a close inspection of the data
illustrates that a concentration profile does exist in the duct measure-
ments at 161l1. With the exception of location 1, higher dust concentra-
tions were observed at the bottom of the duct with predominately con-
stant levels from the top of the duct to the centerline.

Electrostatic Measurements

Building 1611,

The electrostatic sampling performed at Building 1611 included
both electric field and charge density measurements. This process was
the only sample area in all three plants where both types of measure-
ments could be taken because of the large duct slzes. At sample loca-
tion No, 1, the electrostatic measurements were performed in the clean-
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out described previously, and which is positioned ou the bottom of the
duct. Typical measurements are shown in the strip chart recordings of
Figure 1l4. Each peak in Figure 14 corresponds to the dumping of the
Composition B flake onto the shaker table and/or the operation of the
shaker table, Notice that peaks in the electric field data correspond
with similarly shaped peaks in the charge density data. There is a

lag in the charge density-data which corresponds to the length of time
required to transport the dust through the 30.5 m (100 ft) long sampling
hose. Taking this time delay into account, one can see that the two
instruments are in excellent agreement with respect to the arrival time,
shape and duration of each pulse. The electric fleld data in Figure

l4a (and the corresponding data for locations 2 and 3) together with the
theoretical equations in Appendix B were used to obtain the charge density
transfer function used throughout the remainder of the program. With the
electric field levels indicated in Figure l4a, the maximum recorded charge
density was -232 nC/m3,

The electrostatic sampling at location 2 was performed in the clean-
out which is below the 10.2 em (4 in.) duct. Due to the small duct size,
the electric fleldmeter could not be installed in this location without
distorting the field measurements., Therefore, only the charge density
instrument was used for the electrostatic measurements. However, the
electric fleld sensor was left in place at sampling location 1 to pro-
vide a reference signal for monitoring the production line activitiles.

The results of these measurements are shown in Figure 15. The
charge contained within the 10,2 cm (4 in.) dlameter duct was positive
in polarity which 1s a result of the processes occurring between sampling
locations 1 and 2. When a box of Composition B material is initlally
dumped onto the sifting table, negatively charged dust is released (see
Figure 15), This process leaves the bulk of the material falling into
the Hopper on the first floor charged in opposite polarity because of
the absence of electrons creatcd when the negatively charged dust is
collected., In the data shewn .n Tigure 15, there is a period where no
activity occurred on the product cn line while recording the data. When
the product began to be dumped iute :lie hopper, the peaks in the elec-
tric fleld data reflect thc renewnd activity on the production line. In
the charge density data, this scaccup point 1s followed by a period of
delay and then a gradual bulldup of positive charge occurs in the 10.2
em (4.0 in.) diamcter duct. lhe peak variation in the electric field
data at sampling location 1 1s not presen. in the charge density data
measured at locacion 2 because the screening and loading process 1s not
continuons. The maximum charge dunsity i1ecorded at sampling location
2 was +184 aC/m3,

The electrostatic measurements at sample location 3 were performed
at the cleanout mounted on top of the duct. Both electric field and
charge density measurements were performed at this location. Figure
16 shows typical measurements obtained at this location. As was the case
at sample location 1, there is excellent aprecment in the waveforms re-
corded by the two instruments. The high level negative pulses in the
charge density data in Figure 16b are the remsult of initlating and
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completing a weasurement cycle and should not be confused with the
actual charge density variations being monitored. The maximum charge
density observed at location 3 was ~287 nc/m3, 1In comparison to results
at the other two measurement locations, the charge density measured in
the 10.2 em (4.0 in.,) duct is significant. However, in terms of the
enerqy content and volume of charge moving through the system to sample
location 3, the positive charge output of the smaller duct is entirely
absorbed and neturalized by the negative charge in the larger duct with
little or no observable effects in altering the levels of negative charge
measured at location 3.

Building 1619,

The sampling performed at Building 1619 involved measuring
the variations in the chiarge density occurring as a result of shallow
and deep drilling operations on 155 um artillery shells., The duct dia-
meter was 5.1 cm (2.0 in,) so the instrumentation used was limited to
the charge density meter.

A strip chart recording showing the charge density measurement for
a typlcal deep drilling operation at sample location 4 is shown in Fig-
ure 17. The duration of the drilling operation and the amplitude and
character of the charge density signal varies uniquely depending on the
motions of the drill operator. However, it was observed that the charge
density increases whenever the operator exerts a greater force on the
drill. The polarity of the charge resulting from the drilling operation
was always posltive, and the maximum observed amplitude was +14,800 aC/m3.

During shallow drilling, charge density measurements were made at
sampling locatlons 4 and 5, No significant differences were found to
exist in the magnitude of the charge at these locations. Figure 18
shows the output of the charge density meter (for lvcation 5) over a
portion of a typical shallow drilling operation involving 24 shells.
No predictable characteristic can be seen in the charge density signal ,
from one operation to another, since the charge generated is dependent }
on the force applied by the operator. With shallow drilling, the re- '
sulting dust concentratlons are apparently less than the deep drilling
operations as indicated by the reduced charge density ducts.

Charge and Enerpy Levels,

The energy which may be available for electrostatic discharge
can be calculated from the electric field and charge density data using
the equations in Appendix B. These energies and the maximum observed
charge density levels are summarized in Table 3. Although the charge
density levels observed in Building 1619 are two orders of magnitude
greater than the corresponding levels in Building 1611, the energy
levels are all approximately the same magnitude. This is due to the
dependence of the energy of the duct diameter. 1In any case the calcu- . \
lated energles are many otrders of magnitude smaller than the reported
minimum ignition energies of explosives which are generally on the order
of several hundred millijoules.
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Table 3.

in Louisiana AAP

Charge Density and Energy Levels Measured

SAMFLE LOCATION

DUCT DIAMETER CHARGE DENSITY ENERGY
BUTLDING AND OPERATION (em) (nC/m3) (uJ)
1611 1 - Screening 30,5 -232 2.43
1611 2 - Falling into 10.2 +184 0.005
Hopper
1611 3 -~ Combination of 30.5 -287 3,00
1l and 2
1619 4 - Deep drilling 5.1 +14,800 1.02
1619 4,5 - Shallow 5.1 +11,100 0.57

Drilling
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Longhorn AAP

Both dust and electrostatic measurements werc made in dust exhaust
ducting of two very similar processes at the Longhorn AAP, Both pro-
cesses involve the manufacture of illuminating flares. In 'Puilding
B~7, one of the proces: :- is the production of 4.2 '"aluminum candles."
The other process involves the manufacture of white signals flares and
is housed in Building 34-Y. Both processes utilized 5.1 cm (2,01n,) ducting,

Process Description and Sample Locations '

Building B-7.

Building B-7 produces the 4.2 illuminate, The process consists
of mixing the illuminate composition, weighing the illuminate, consoli-
dation, removal of a cardboard plug, adding a primer stage and packaging.
A schematie of the process sampled and the associated dust exhaust duct-
ing 18 1llustrated in Figure 19, A total of five inlets were available
for dust plckup. Two inlets serve the three welghing stations, two
pleckups served the consolidation press, and one inlet served the card-
board disk removable area. All inlets except those on the consolida-
tion press were usaed intermittently to vacuum dust generated during
each process step. When not in use, the inlets were plugged to reduce
the noise in the bullding., The only inlets not observed plugged during
the entire sampling period were the twe used on the consolidation press.

Two locations were sampled in Building B-7 by the SwRL sampling
team. Sample location 7 investigated the dust flow and electrostatic
conditione resulting from the disk removal and part of the consolidated
prese activities. Measurements taken at sample location 8 were concerned
with the dust generated in the weighing operation in addition to the
other two activities just mentioned. The probe attachment fixture used
to interface the dust and electrostatic probes was similar in design to
that described for Building 1619 of the Louisiana AAP.

Building 34-Y.

Building 34-Y produces a white signal flare (Alumlinum Magnes-
ium Illuminating Stars). The process consists of mixing the composi-
tion, welghing, consolidation, adding a primer stage and packaging. The
portion of the process which was sampled is shown in Figure 20. The
exhaust duct locations sampled were located in the 5.1 em (2.0 in.)
ducting that served identical weighing and consolidation bays. These
were bays 103 and 104, The differences in the exhaust ducting serving
these two bays were;a) the ducting serving bay 104 is longer than that
serving bay 103; b) the ducting serving bay 104 had one extra inlet from
bay 105; and ¢) the wet collector serving bay 104 was a 20 hp unit while
the other bay was served by a 10 hp unit. During our visit, bay 105
was not in operation and the vacuum line for this bay remained plugged
at all times.
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The probe attachment fixtures used in 34-Y were similar to those
used in Building 1619 at Louisiana AAP. Two such fixtures were used
in 34-Y, Sample location 8 was 1in the ducting serving bay 103, and
sample location 9 was connected to the ducting leading to bay 104.

Dust Concentration Measurements

Table 4 summarizes the duct velocity and flow rates obtained in
Building B~7 at Lunghorn AAP, The flow rate measured at location 6
was an order of mapnitude lower than the flow rates measured at loca-
tion 7, but this was because the only inlet was the constricted inlet
which vacuumed ur uny dust on the rotating table of the consolidation
press. The vacuum pressure measured at this locatlon was the highest
measured at any of the sample locations: 12.7 cm Hg. The flow conditions
at location 7 were measured with the two inlets at the weighing station
plugged (Column 2 of Table 4) and open (Oolumn 3). When the weighing
statlon pickups are plugged the velocity at location 7 is about an order
of magnitude higher than the velocity recorded at location 6, and the
static pressure is slightly lower. These higher readings are largely
due to the second vacuum inlet on the consolidation press. When the
waighing station dust pickups are open, the flow rate increases by about
30,5 m/min (1000 ft/min) and the static pressure is reducad by about 35
percent.

Table 5 summarizes the duct velocity and flow rates obtained in
Building 34-Y in a very similar process as the one in B-7. The flow
rate at location 8 was measured with the weighing station inlets open
(Column 1 of Tablea 5) and closed (Column 2)., As was the case in B=-7,
the velocities are about 30,5 m/min (1000 ft/min) higher with the inlets
open, and the vacuum pressures are again about 35 percent lower. Sample
location 9 is an independent vacuum system which has about twice the ca-
pacity of the vacuum system in which location 8 was installed. This is
reflacted in velocity flow rates which are nearly twice as great as the
flow rates observed at location 8 under the same condition (weighing
station inlets open). Vacuum pressures at location 9 were about 12 per-
cent higher at location 9.

Table 6 summarizes the gravimetric dust sampling data obtained in
B~7 and 34-Y, The consistency in the measured values appears to be
rather poor; however, the processes being monitored are not continuous.
Vacuuming at the weighing stations is performed intermittently, at the
operators discretion. Vacuuming at these locations varied from 4 - 5
times per hour at the cardboard disk removal station in B~7 to about
once evary two minutes at the weighing stations at both B-7 and 34-Y.
Only tha inlets on the consolidation presses vacuum dust continuously,
and by visual observation there appeared to be less dust on the consoli-
dation presses than appears to be generated during the weighing operation.

BElectrostatic Measurements

The dust collection systems studies at Longhorn AAP were confined
to 5.1 em (2.0 in.) diameter ducts located in Buildings B~7 and 34~Y.
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With these small diameter ducts, the instrumentation for the electro-
static studies was limited to the charge density meter. The locations
of the sampling test points, and the processes and the materials in-
volved are the same as those already described for the dust concentration
measurements. The pyrotechnic materials used in the manufacturing pro-
ceases at Longhorn AAP are different than the Composition B material
used in the original calibration of the charge density meter. Therefore,
in interpreting the data from the charge density meter, only relative
charge levels can be inferred since the electric fieldmeter could not

be used in the small ducts to calibrate the charge density meter for
these different kinds of materials,

Overall, the tests revealed some relatively high charge levels,
but due to the smsll diameter of the ducts, the energy levels contained
in the dust transport systems are quite small, Positive and negative
charge species were found to exist together. Negative charges result
from the coutinuous vacuuming of the consolidation presses while the
positive charges are the result of the intermittent vacuuming which
occurs at the weighing stations.

Building B-7.

Sample location § monitored only dust from the constricted
inlet on the consolication press and the vacuum inlet at the cardboard
removal station., The greatest activity observed at this location i
occurred during vacuuming operations at the dimk removal station, After '
a period of dust accumulation, the operator uses & flexible vacuum hose b,
to clean the work area, Charge from this operation can either be posi-~
tive or negative as seen by the typical charge density waveforms shown
in Figure 21, The exact nature of the charge reversal is probably de-
pendent on the manner in which the operator cleans the work surface,
Typical polarity reversals of this nature can be explained by the phe-
nomenon involved in the tranafer of image charges. The maximum charge
density recorded at location 6 was +7,750 nC/mJ} negative excursions ag '
great as -4,430 nC/m3 were observed.

Sample point 7 monitors the total dust collection activity in
Building B~7. Typical data at this station are shown in Figure 22,
Generally these data are characterized by the lack of electrostatic
activity and there 1s no apparent pattarn or repetition in the pulses
since the dust collaction occurs in a random manner determined by the
line operators. Although the data shown in Figure 22 are for negative
charge species, positive and irregular charge lavels were also obaerved
which can be attributed to the vacuuming operations occurring at sam-

pling location 7, The maxiwmum charge density recorded at this location
wus =11,100 nC/m3,

Building 34-Y,

At Building 34-Y the sampling points were located near the
wet collectors of two independent vacuum collection systems. The ma-
terial collected in the dust casettes was granular and larger in size
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than any of the powders collected at other sample locations in any of
the plants. Apparently there is sufficlent moisture or volatile con-
tent to allow the fine magnesium and aluminum particles to agglomerate
to form relatively large particles by the time the dust arrives at the
sample locations. Overall, the charge magnitudes were higher in the
morning and then gradually decreased in the afternoon as the ambient
temperature increased. As the temperature varied, moisture condensa-
tion formed on the duct surfaces around the test points where the dust
was sampled. These molsture und temperature effects may also have con-
tributed to the decreasing charge levels.

The dust sampling at location 8 consists of dust collected from
both the weighing and pressing stations situated in Bay 103, Although
the pressing operation is fully automatic, vacuuming around the press
is solely determined by the press operator., In a similar manner,
cleanup around the weighing station 1s done only as the operator deems
it to be necessary, These random operations produce unpredictable
charge output waveforms from the charge density meter as can be seen in
TFigure 23, Although a peak output is shown at a level of 3,500 nC/m3,
most of the peaks monitored at sampling location B were from 730 to
1,100 nC/m3.

Two typlical charge density waveforms measured at location 9 are
shown In Figure 24. For the most part, the charge density magnitudes
from the operations in Bay 104 were very low as shown in Flgure 24a,
The larger spikes in Figure 10b were probably due to a methodic vac-
cuming procedure beilng performed by the press operator as can be seen
by the uniformity of the spacing of the pulses., During these tests, it
was not possible to correlate fully the activities on the line with the
output of the charge density meter since communicatlons equipment could
not be used within the plant for this purpose.

Charge and Energy Levels,

Table 7 lists the maximum charge density readings obtained at
Longhnrn AAP., As was the case at Building 1613, Louisiana AAP, the
change density levels are quite high. However, because of the small
duct diameters end the dependence of the energy on the duct radius to
the fifth power, the energy levels are quite low. The energy levels
measured at 34-Y are about an order of magnitude lower than those ob-
served at B-~7. This is probably due to the agglomeration of the alum-
inate composition which occurred at 34~Y, The charge density readings
and the energy levels reported in Table 7 were obtained using the trans-
fer function for Compusition B explosive, These numbers are presented
for relative rather than quantitative ~omparison of results between
sample locations,

Lone Star AAP

Dust and electrostatic sampling was performed in two different
processes at Lone Star AAP. The first process sampled was a burster
facing operation which was quite similar to the process in Building 1619
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Table 7. Charge Density and Energy
in Longhorn AAP

Levels Measured

DUCT DIAMETER CHARGE DENSITY ENERGY
BUILDING SAMPLE LOCATION (cm) (nC/m3) (uJ)
B-7 6 5.1 +7,750 0.28
B-7 7 5.1 -11,100 0.57
34 8 5.1 +3,500 0.057
34 9 5.1 +1,030 0.005
49
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at Loulsiana AAP. The other process involved grenade production and in-
cluded a pressing operation similar to the pressing operations at
Longhorn AAP, The unique feature of the processes studied at Lone Star
AAP was that both of these operations were fully automated.

Process Description and Sample Locations

Building 04-M-40.

Figure 25 shows a layout of the equipment and vacuum exhaust
ducting of Building 04-M-40, The operation is comprised of two facing
(shallow drilling) machines, a long thick-walled duct, and a primary
and secondary dry dust collector. The facing machine in Bays 1 and 2
were operational during our sampling visit, Bursters filled with cast
Composition B explosive were placed in a holder outside the [acing bay
and conveyed automatically to the facing machine. Once insilde the facing
machine, & drill head is lowered onto the burster and about 0,32 em
(0,125 in.) of Composition B explosive ils drilled out. A drill head just
prior to engagement on a burster is shown in Figure 26, The explosive
dust created by the drilling operation is removed through the flexible
rubber hose which is visible in the photograph, There are four drill
heads on the facing machine and each drill head has its own dust ex-
haust line., One additional dust pickup vacuums fugitive dust on the
faclng table, All five rubber hoses branch into one 2.54 em (1.0 in,)
steel tube in which sample locatlon 10 was installed. This line connects
to a short length of 5.1 em (2.0 in.,) steeal pipe just prior to exiting
the bullding. Sample location 10 was located in this section. Sample lo-
cation 11 was installed downstream of location 10 past the Y-connectione
from the ducting serviecing Bays 3 and 4. The dlameter of the ducting at
lpcation 11 was 7,62 em (3.0 in,), "M.e probe attachment fixtures used in
U4-M=-40 were similar to the ones used at Loulsluna and Longhorn AAP's,
with the exceptlion that three dust sampling entry points were avallable
to allow simultaneous dust collection at three different internal duct
traverse polnts.

Buflding B-46.

Flgure 27 shows a layout of the equipment and vacuum exhaust
ducting of Bullding B-46, As seen in the figure, the process is composed
of three separate operations. The sequence of operations is Consolida-
tion, Demachining and Cone Swagging. A-5 explosive Is pressed Into a
grenade casing at high pressure by the rotary presa shown in Figure 28.
Fleslble rubber howes, 5,1 cm (2,0 in,) are used to pick up dust gener-
ated by the pressing operation. The vacuum lines seen in the flgure
connect to stainless eteel line which rums to the wet collectors located
behind Building B-46. The two Y-junctiors shown in the figure lead to
sample locations 13 and 14, Sample location 14 1is located in the ex-
haust ducting serving the press. Sample location 13 is in the exhaust
line serving the conveyor leading from the press to the demachining
area,
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Figure 26. Dust Fxhaust Line on Drill Head in 04-M-40
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Figure 28.

Rotary Pellet Press and Dust Collection
Lines in Buillding B-46
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After the pressing operation, the grenade is conveyed to the de-
machining area where the '"mest,” a fixture which supports the grenade
housing during the pressing operation, ir removed. Sample location 12
is located in the 2,0 in., (5.1 cm) dust exhaust line which serves the
demachining operation. After demachining, the grenades are conveyed to
the cone swagging press where the copper shaped-charge cones are forced
into the grenade body. This last operation had no dust collection lines.
The probe attachment fixtures used in Bullding B-46 were located outside
the Building just prior to the wet dust collectors, Figure 29 shows one
of the fixtures with two dust probes installed. The orientation of the
dust probes, shown in Figure 29, was also used at Building 04-M-40.

Duat Concentration Measurements

"Table 8 illustrates the duct velocity and flow rates measurements
obtained in 04-M-40, The duct flow rate measured at location 11 is
greater than at locatlon 10 because the vacuum system draws ailr through
the inoperative facing machine in Bays 3 and 4 as well as the operational
unit in Bays 1 and 2, Table 9 summarizes the duct velocity and flow
rates measured in B-46. As seen in the table, all three vacuum lines
have the same static processes and the flow rates are all ahout the
game. The veloclty profiles across all five sample locations are blunt,
indicating that the flow 1s turbulent in both processes at Lone Star AAP,

Table 10 summarizes the dust concentration data obtained at the
Building 04~M-40 facing operation. The dust concentrations recorded at
locations 10 and 1l were the highest recorded in any of the sample lo-
cations except the drilling operation in 1619 at Louisiana AAP. At
location 10 the concentration appears highest at the bottom of the
duct, while the top and centerline concentrations are fairly uniform.
The concentrations at location ll are somewhat lower, because of the
larger duct diameter, and the concentration in the center of the duct is
lower than at the top or the bottom of the duct.

Table 11 summarizes the dust concentration data obtained at Building
B-46, The concentrations at these locations are similar, with the highest
concentrations being generated at the demachining operation and the lowest
concentratlions generated by the rotary pellet press. The concentrations
across the duct were fairly constant, This is attributed to the fact that
the duct flow velocities were so high. High duct concentrations tend to
disperse the dust evenly.

Electrostatic Measurements

The operations studied at Lone Star AAP were fully automated and the
regularity of the operations is reflected in the wave forms recorded in
the electrostatic measurements. Instrumentation for these tests was
again limited to the charge density meter because of the small duct sizes
7.6 cm (3.0 in.) and 5.1 em (2.0 in.) in diameter.

55




e ese st b Sesemset b gy, |

— T 7o

&

e e el

N ——— Y

e

T i, .
e AT i i

Probe Attachment Fixture Installed at Buildinyg B-46

Figure 29,

56




[

PeINSESR 30N = RN

ﬁa\ma 0°6=0
93Fy AO0[q 1onQ

um/ me g = D
18y A0Tq 301

3y mm Z°9/- = g SH W= 8°05- = g

sanssaig 2I13ElS 390

2INSs3aigd ITIEIS Io(Q

4508 =13
Jdinjeiadeal jomg

d.6L = 3 X
aimeradwms] jong i

2.9 =

are L1p -qy/i21ea jo sureid gof =
4,6/d.1L = Za/in

JUSHWIINSEIH AJTprunyg

. 20L = HY
are Aip -qi/ia3em jo sureid [[[ = HM
4,5°08/4.€1 = Ya/in

JUSEDINSEIH AITPTENg

it |
HA

~
RN . 2 €7 RN RN 8"y o
061 SIT Y 7°9 90ST 919°¢ £y C0
0s0¢ 919" % %S 90<T 979" ¢ 9 ¢t .
6%0¢ ¥L9°% 8"t L0LT 8LE°¢ L4
€70¢ %9 % c°C L0L1 8/t°¢ LA ¢
9Z61 STIIY £1 YGIT 966 ¢ 8L°0 !
£e81 yeL e € o 6591 CIT°E .ZE°0
o ey =) GaTo) &) C R
: Ta Tqa 3o1] jo moljog Ta _ LF TN 39nq Jo wollog
, L1307 2anssaid wWoij Uorledo] Aypoorep JInssaig WoIlj WOIIBIU]
L3rooTap IsIdARIL [ A£319012A ISIDARIY
_ TIT “ON NOILIV3OT d1dHVS 01 "ON ROIIVIOT TIdHVS
dVV IB1g 9U0q I® O%-k-90 3urpring Icy eleq 218y mO[i pue L3TD0T3A Id9nd g I[qel




poInsesq 10N = RN

a\ma €9 = o
33ey MOoTd I°N(

98e3 3y wm g°0g - = g

9ansSS3aid orleas 1onqg

1,6°08 = 3

3ainjexadwa] 3ong

n..nﬂ\mﬂ g'¢="»

218y mo1d 3onQ

°3e8 Fg wu g-pgc — = 4

v/ m Lty = 0
93ey A0Td 1970

9%e8 3 wm g-gg - = QNp

ainssaig OI3EIS IoN(

41,6708 = 3

ainjeIadwal 30

2Imssaid Jri1els 3oang

doGL = 3
s1meixdwa] 3o0(J

€9 = W 119 = Hd 278 = W4
ate Ai1p -qi/1=3Eem IIe L1p -qi/iajea are A1p -qi/iaea
jJo sureid g = HM jo sutrexd g = HM jJo suteid 80T = HM
1.5708/4.12 = Ta/%n 1,5708/4,T1 = d°A d.s2/a.1s = Ya/%n
K31prumg Oiprang AyTpramg
fiud RN WN RN W RN 8°Y
T6TE 809° 1T 988¢ gcL6 667C 2LT9 N
00te STLTTT 98487 8Z.°6 yeel GLE"9 9°t
161t 809°1T €162 T€6°6 19%7 ¢IT L 14
m 1CT1E 809° 11 9887 8¢L°6 19¢7 £66°9 i
” 8967 9%8° 01 0€8e LYE"6 8cee 161°S 9470
H L68C 0€z"8 k4 44 T19°8 1007 %.9°Y ZE°0
G (B =) @rwjm | (GE om0 | (awym) (€T @)
| Ta Tan L7 Tan Ia Taa 39nq jo mollog
| £3TD0T9A 3INSsa1g £310079A 2InssaA1y £31T00ToA 3inssalg woij UOTIIBDO]
| £31D0T9A K310019A A3TD20T9A 3SIJABI]
4T °ON uorledo] aTdwesg €1 °ON uorled0T oTdmeg Z1 “OoN uoriedo] o1dmes
dVV Ie1g 9uo] 1® gf—g Surpyrng 103 I3y m0]I PUB i3TO0TAA IInd "6 2TqEL

58




0°€T 0z 659°T 9zY 7°9 T
z°6 (VT4 6L1°1 9zY 79 1T
0°8 oz %201 9zY 8t I
6°8 0z T S TA 8°€ 11
6°F 0z 005°0 74 8¢ I
9°€ 0z LEYD 9zy 8°¢ I
8°€T 174 98¢ "1 ;13 £°1 I
v 1T 0z [ET°T 33 €1 1
9761 (174 £97°Z oLy £y o1
0°92 0z 989°¢ oLy £y 01
9-21 <1 FAZN oLy 4 01
€11 ST €611 oLy 4 o1
1°91 0z $86°T 0LY 4 o1
0°zz 0z 981°¢ oLy <z o1
Z°61 0z 661°2 €8y 9,70 0T
0°LT 0z 615°2 €8y 9,°0 01
(gm/m3) (urTm) (ud) (ure/m) 1504 40 NOLIVDOT
NOLLVELNIDNOD ANIL @IIDATION 177 ALIDOTIA ROLLOY WOYd TIdRVS
isnq INTTJIHVS J0 IHOI=® ONI'IdRVS NOTIVOOT dASHAAVEL

07-R—%0 SurpiIng e eleq Surrdees Isng QT 37qel

59

L e




980] ot 9%0°0 £99 £y 4T
60°0 ot 92000 £99 [ ¥T
810 ot £%0°6 895 920 o
%570 ot 68ST "1 196 £y €1
€0 L1 T€$°0 £99 £y €T
5779 of S€T°0 £99 <z €T
550 o€ 96910 £99 Sz €T
%0 (1 0690°0 199 c-¢ €1
99°0 o 685T°0 895 91°0 €T
LE70 {1 ££50°0 89¢ or-p €T
z8°0 1€ €ZZ 0 199 £y rA
6L°0 s 9EY 0 L99 €y 41
09°0 1€ £S8T°0 L99 ¢z 4 |
SL°0 19 1% °0 199 5°7 ra3
040 1€ 7€81°0 896 9,70 41
£1°0 ¢S T9€0 89¢ 910 71
(gu/ud) (utm) (u3d) (urw fum) 1590a 40 NOILVI071
NOTLVAINZINOD TAIL @aISTTIOD LSnd ALID0TAA WOLLOY WOWi T1dHVS
1sna INITdRVS 40 IR9TEA ONTIAHVS NOILVDO01 3SHIAVEL

g4~g 3Burpying ul ejeq SurTdueg

Isng

"T1 @198l

60




4

Building 04-M-40,

Charge levels measured at sampling location 10 on the dust
collected from the rotary drill and facing machine were the highest of
any charge levels measured in the entire testing program. The first
tests at sampling locution 10 produced charge levels that almost exceeded
the measuring capabilities of the charge density meter. A short time
after the initlal start up of the line, it became apparent that the
charge levels were steadily increasing and would exceed the measurement
range of the charge density meter, At this point in the testing, the
flow rate through the charge density meter was reduced to 7.1 ./g
(15 cfm) instead of the 9,4 /s (20 cfm) for which the instrument had
been previously calibrated. To maintain the continuity of readings be-
tween the two flow rates, the peak measurements for the two flow rates
were compared. With a flow rate of 7,1 &/s (15 cfm) the charge density
meter transfer function was found to be

o = 156.8 [%] V_ ne/n’ (6)

After the initial start up of the process, the charge levels sta-
bilized and typical waveforms observed from the drilling and facing op~
erations are shown in Figure 30, Dust samples were withdrawn at the top
and bottom of the duct by appropriate taps in the test fixture. Charge
density levels were higher.at the bottom than at the top which is rea-
sonable considering the dust concentration profile of the duct. These
data show that positive charges were generated and there is a charge
peak for each time the drill penetrates a burster. The rotary facing
machine contained four drill heads. One of the drill heads was not work-
ing which is evident by the data since the peaks generally occur in sets
of three. Whenever lecs than three peaks appear, the operator failed to
insert a burster on the conveyor belt for the drilling operation.

Further downstream in the same duct (location 1), electrostatic mea-
surements were again repeated on dusts collected from the rotary drill
and facing machine. As shown in Figure 31, the data are similar to the
data observed at sampling location 10, What is noted, however, is that
the charge density magnitudes decrease slightly due to the lungth of the
duct. If the entire length of the duct could be sampled, there would be
an exponential decrease in the charge being transported in the duct.
Again, the sampling measurements were made at the top and bottom
of the duct. As expected, the measurements at the top of the duct are
slightly lower than at the bottom of the duct where the dust concentra-
tion is slightly higher.

Building B-46.

Electrostatic tests at Building B-46 on the A-5 explosive pow-
ders used in the grenade making proceass resulted in the most distinct
and unusual waveforms observed in the electrostatic testing efforts. ,
In the line operations, dust was collected and measured from two points y
on the consolidation rotary press and at a third sampling point in the
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demachining area, Dust collected from the line operations is trans-
ported over short distances through 5.1 em (2.0 in,) diameter ducts.
While positive and negative charge specles were found, the predominant
charge was negative in polarity., Based upon the calibration factors of
the charge density meter, the charge density levels were substantial,

The first electrostatlc tests were conducted at sampling location
14. Dust from this sampling point is primarily collected at the hopper
where the A~5 explosive material is dumped in powder form from a bucket

into the rotary press. An additional pickup vacuums fugitive dust from
the press itself, However, the electrostatic charge measured coilncided

exactly with the dumping of the A-5 powder into the presa hopper visible
in Figure 28,

Figure 32 shows the distinct charge doublets that result each time
a bucket 1s emptied into the press hopper. As the bucket Is dumped, the
initial dust from the bucket is negative in polarity., With the deposi~
tion of the negative charge in the hopper, the opposite image charge is
retained by the remaining powder in the bucket. As the bucket is emptied,
the negative charge peaks and then begins to diminish in magnitude and
reverses 1ln polarity as can be seen in Figure 32, This phenomenon is
completed as the image charge doublet of the opposite polarity is formed
and returns to zero when the bucket is empty. From the data, the timing
between each event when powder is dumped into the rotary press is three
minutes. The data shown in Figure 32 vere taken from a tap at the bot=
tom of the duct.,

In the operation of the rotary press, there are various vacuum hose
inputs that collect dust from the press and a conveyor system that trans-
ports the grenades over to the demachining bay to the swagging operation.
These various dust collection lines are connected to a common duct that
transports the dust to sampling location 13 just before the dust enters
the wet dust collector., In these line operations, the production of
dust 18 continuous; therefore, as shown in Figure 33, there are no dis-
tinctive characteristics in the charge density meter waveforms that
could be identified with any one manufacturing process on the line.
Typical waveforms are shown in Figure 33 for the electrostatic measure-
ments made at the top and bottom of the duct. In Figure 33a, the line
operated for a short period of about four minutes., In Figure 33b, the
data show another short-term operation period in which there were two
minor Interruptions between the start and shut-down points., The dust
collected from the rotary press area was always negative in polarity,

The last point to be checked was at sampling location 12, which was
representative of the dust collected from the demachining area. As the
grenades moved along the conveyor, a continuous stream of dust was col-
lected which resulted in the data shown in Figure 33c. In this strip
chart presentation, the line was fully operational with no interruptions.
These data were obtained by sampling at the bottom part of the test fix-
ture and are virtually equivalent in magnitude as the charge measured at
sampling location 13. -
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Charge and Energy Levels.

Table 12 lists maximum charge density measurements and the cal-
culated energy levels, The charge density levels measured at 04-M-40
were the highest levels measured at any of the sample locations, and con~
sequently the energy levels were the highest loads measured. At both
04-M=40 and B-46, charge density measurements were made with the exhaust
line leading to the instrument drawing dust from the top and from the
bottom of the duct, The largeat readings were always obtained when the
sample was withdrawn from the bottom of the duct.

Summary of Plant Sampling

Table 13 summarizes the data collected at the 14 oample locations
in the three ammunition plants. In this table, we have listed the max-
imum values detected at wach sample location., Although it is difficult
to compare the results from such widely different processes, it is pos-
sible to draw some significant qualitative observations:

e Typlcally, sampling performed in small diameter vacuum
system ducting resulted in:

(a) higher vacuum pressures,
(b) higher flow velocities,

(c) higher dust concentrations,
(d) lower flow rates, and

(e) higher charge densities

® Processes involving drilling or facing of exploslves
generate significantly higher dust concentratilons, charge
densitles and energy levels, than processes involving
welghing, pouring, sifting or dropping of explosives.

¢ Flow velocities in the ducting were too low to achieve a
uniform concentration across the ducting. Significantly
higher dust concentrations and charge densities were gen—
erally measured below the duct centerline., This was also
reflected in dust bulldups in duct cleanouts and other duct
penetrations placed below the duct centerline.

o All of the operations studied are batch operations, which
means that the dust concentration ie periodic with periods
of high loading densities interspersed with periods of rela-
tively low concentrations. The sampling technique employed
on thie program was gravimetric sampling which is dependent
on the total mass of dust collected and the period of time
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Table 12,

Charge and Energy Levels Measured in Lone Star AAP

Duct Diameter Charge Density Energy
Building Sample Location (cm) (nC/m3) (uJ)
04-M=-40 10 5.1 +140,000 0.698
04-M-40Q 11 7.6 +94,000 0.315
B~46 12 5.1 -4,890 0.112
B-46 13 5.1 -5,170 0.125
B-46 14 5.1 419,600 1.79
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over which the sample was taken. This means that the con-
centrations listed in the tables of this section of the re-
port are average concentrations. Instantaneous duct con-
centrations may be significantly higher. Minimum explosive
concentrations of explosive and pyrotechnic gusts have beun
reported (Refd) in the range of 40 to 1000 gm/w® (,04 to 1
oz/ftd)., The maximum average concentrations listed in
Table 13 are all below this range with the exception of
location 5 at Building 1619 at Louisiana AAP,

Minimum ignition energies have been reported (Ref., 4) in the
ranga of 0.2 to 8,0 J for explosive and pyrotechnic dusts.
The energles calculated from the charge density measure-
ments are all very low with the maximum energy level being
700uJ, This reading was unusually high, the maximum energy
level measured at locations other than Buillding 04-M-40
(Lonestar AAP) was 3,0uJ at Bullding 161l in Louisiana AAP,

The charge density appears to be roughly proportional to the
peak mass flow rate (duct flow rate, Q times the maximum
dust concentration) in the duct, This correlation is shown
in Figure 34. The correlation appears good for Composition
B and the aluminate composition. The Composition A-3 data
points fall somewhat below the other points, which may re=-
flect differences in the explosive propertles. Thae correla-
tion 1s surprisingly good, since the measurements of thwu
charge density and the dust concentration were not measutred
gimultaneously at any one location. Instead these two param-
eters were measutred at different times to prevent distortion
of the charge density by the metal dust probe.

The consistency of the data in thls type of presentatlion would
probably be improved by the simultaneous measurement of in-
#tantaneous concentrations, flow rate and charge density. This
should be explored In future plant sampling endeavors.
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SELECTION OF DUST DETECTION EQUIPMENT

Survey

An extensive survey of off-the~shelf dust detection equipment was
performed to identify commercially available equipment capable of detect~
ing hazardous dust cotncentrations, The survey was initlated by contact-
ing by letter over 200 corporations which manufacture scientific equipment.
The corporations were ldentified through the Thomas Register (Ref. 5) and
the "Guide to Scientific Instruments 1980-19381," (Ref. 6), The letter
golicited deseriptions of any products which the manufacturer produced
which may be used for the mtated purpose, Eighty manufacturers responded
to our request for information; however, the bulk of *the responses were
not applicable to dust concentration measurement,

In general two classes of dust concentration measurement instrumen-
tation were identified, One category of instrumentation is Intended for
monitoring respirable dust concentrations in a room or other large volume
This type of instrument cannot measure large particles [>100um (>2.73
x 1072 in.)] and cannot injest dust at the high velocities required for
igokinetic sampling. Another general class of instruments 1s used for
particular emission from stacks. These devices have probes which are
often 0,9 m (3,0 ft) long which could cause mounting problews In the
simall ducts generally in use in the Army Ammunition Plants. Although
these instruments can measure partlicles up to 1Q0um (2.73 x 10-3 in,)
they still suffer from the inability to inject the dust particles at
high flow rates, Table 14 summarizes the specifications of the more
promising instruments ldentified during the inscrument survey., Appendix
C presents the instrument data sheets for the instruments listed in
Table 14.

Later another dust concentration Instrument became available (Ref. 7).
This instrument was developed by GCA Corporation, Bedford, MA, under con-
tract to the Bureau of Mines. Operation of the dust concentration mon-
itor ls based on the attenuation of beta rays by the dust. The unit is
sald to bz capable of measuring dust levels in the range of 20 to 500 gm/m3
(0,020 to 0.5 oz/ft3) with a sample rate of one sample per 10 seconds. In
1ts current configuration, the entire unit must be mounted so that the
probe located on top of the unit penetrates the duct. This means the duct
must support the concentration sensor. The present unit would not be suit-
able for measurement of concentration in the small ducts encountered in
most of the sample locations described in Section III,

Evaluation of a Dust Sensor

After a review of the data presented in Table 14, the Omni-Wave
Continuous Particulate Monitor was selected for evaluation., This
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instrumentation consists of an electrically conductive sensing element
and a high gain amplifier. The sensing element is mounted in the sam=-
pling stream, When particulates impact the sensing element, changes on
the particulates are transferred and a small current is produced. The
current is amplified and converted into a voltage proportional to the
parti ~ulate mass flow, The amount of amplification can be varied to ob-
tain concentration measurements in the range of 2.28 x 10-4 to 22.8 gm/m3
(2.28 x 10~2 to 0,0228 oz/ftd). A special probe is available to extend
the concentration measurements to 228 gm/m> (0.228 oz/ft3).

To evaluate this sensing system, the probe was mounted in the duct
gimulator described in Appendix B. The 0.914 m (3.0 ft) probe was cut
off at 20.3 cm (8.0 in.) and mounted in the ducting 6.1 m (20,0 £t) from
the exhaust fan., The screw feeder used to meter the dust was eliminated
since these experiments were to utilize Composition B explosive dust,
Instead, measured quantities of the dust were placed in the bottom of the
duct and the turbulent air flow was used to suspend the dust. In these
tests the duct flow velocity was about 28,3 m3/min (1000 £t3/in.). This
flow velocity was sufficient to suspend and totally exhaust 454 gm (1 1b)
of Composition B dust in two minutes., The dust concentration developed
in this manner was initially very heavy but tapered off continuously
during the two minutes of air flow,

During repeated tests, the sensor output saturated at all gain
levels indicating that the dust concentration was about the measurable
range of the instrument. During these experiments it was noticed that
the instrument response reached & saturated condition in 0,5 sec, which
corresponds to the manufacturers stated system response time.

After discussion with the manufacturer, it was learned that the am-
plifier could be modified to reduce the overall sensitivity. The modifi-
cation consisted of replacing some precision resistors in the amplifier.
The sensor was then installed in the lm3 explosion chamber which will be
described in the next section. In a series of experiments using Compo-
sition B dust with concentrations of 120 to 380 gm/m3 (0.12 to 0.380 '
oz/ft3) the modified instrument responded by saturating again. After
further discussions with the manufacturer it was learned that the sensing
probe had been damaged and since no funds were available for leasing the
instrument for a longer peviod of time, the sensor evaluation was ter-
minated.
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CHARACTERIZATION OF EXPLOSIVE DUSTS

Overview

The manufacture of propellants and explosives produces a large
amount of dust, particularly in the dryers. Realizing the serious haz-
ards of the energetic dusts, the ammunition manufacturing plants have
installed dry dust collection systems to remove dust particulates from
the process line, These systems, while removing the hazard of finely
divided dust from the process line, have introduced a new potential for
catastrophic explosion. Thisis because frctional forces on the enetgetic
particulates flowing through a duct or through collision with other par~
ticulates create substantial accumulations of static electric charges.
Although grounding devices have been universally accepted as the appro-
priate method for dissipating electrostatic charge accumulations of
static electric charges, dust explosions still occur,

Prasent data on the detonation characteristics of explosive or pyro-
technic dusts are incomplete. The avallable data are limited largely to
Composition B, M-1, M-30, HMX and RDX (Refs. 4, 8, 9) for which the min-
imum explosive energy, minimum explosive concentration and minimum igni-
tion energy have been measured. These measurements were performed in
the small scale chambers developed by the Bureau of Mines, which until
racently had been widely accepted., During this present effort the data
base for the explosibility of energetic dusts was extended for Composi-
tion B, sodium nitrate and A-5 and TNT materials. Besides conducting
the tests in the small scale chambers, tests were also conducted in 40
liter and 1m3 chambers.

In order for a dust cloud to explode the following basic criteria
must be satisfied:

a) the dust must be suspended in the proper concentration range,
b) the dust must be combustible,
¢) the cloud must engulf an ignition source of sufficient
strength,
d) there must be sufficient oxygen within the cloud to
support combustion, and
¢} there must be some degree of confinement.

If one element in the chain is broken, there can be no explosion,
Most of the time 4ll of the above conditions arc not met; however, cate-
strophic results often occur when all of the conditions are satisfied.
Many parameters Influence the exploslbility of dusts both in terms of the
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ability to ignite the cloud, and the strength of the reaction which de-
velops after ignition, These parameters include:

concentration

particle size

moisture content

bulk material properties (volatile content, heat of
combustion)

s atmospheric composition (humidity, presence of solvents)
e ignition souce strength and duration

e turbulence.

The effect of each of these parameters on the explosibility of dusts has

been described by a number of authors (Refs 10, 11, 12) and will not be

rapeated here. The discussions are centered around commercial dusts,

but are applicable as well to explosive and pyrotechnic dusts. 1

Methods for Determining the Explosibility of Dusts

The moat common dust explosion test methods and test equipment are
described in the section. Table 15 summarizes the characteristics of
the various dust explosion vessels which are reported in the literature.
Common features for all the test equipment include: a) means of achileving =
a dust suspengion, b) an ignition source and ¢) some degree of confine- A
ment (completely enclosed or one side provided with a rupture diaphragm).
Note in the table that most of the test vessels use a ghort burst of air
to digperse the dust. Using this technique, care must be taken to attempt
ignition when the dust is optimumly dispersed. Two dust explosion sys-
tems listed in the table use different techniques for dust dispersion.
The Tohoku University system uses vessel rotation to suspend the dust.
According to Reference 13, this vessel should not be used for dust con-
centrations below abour 2100 gm/m3 (0.3 oz/£t3), In the Cargill system
the dust is placed on a fan blade in the bottom of the vessel., When the
fan is etarted, the dust is thrown outward and upward. Ignition is
attempted at an optimum time as determined {iom previous experiments.

The procedures generally used for dust explosibility testing in
this country were originally developed and standardized by the U.S.
Bureau of Mines (Ref, l4)., The measure for explosibility which has
evolved is a highly qualitative one and consists of rating the sample
dust against Pittsburgh Seam coal dust (Ref. 14). This index is defined

as:

Index of Explosibility = Ignition Sensitivity x Fxplosion Severity

where

Ignition Sensitivity = (minimum ignition temperature x minimum N
ignition energy x minimum explosive con-
centration)-1

and i
Explusion Severity = (maximum explosion pressure x maximum rate ﬁ
of pressure rise) 3
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All of the above quantities are relative to Pittsburgh Seam coal dust
which has an Index of Explosibility of 1. By definition "weak," "moder~
ate," "strong," and '"severe'" explosion hazards have an Index of Fxplosi-
bility in the range of less than 0.1, between 0.1 and 1.0, between 1.0
and 10 and more than 10, respectively.

Ignition
Minimum Explosive Concentration !

The minimum explosive concentration of a dust cloud is determined
using the Hartmann Tube. SwRI's Hartmann Chamber is shown in Figure 35,
This apparatus consists of a 0.0012 m3 (75 in3d) Lucite cylindrical cham-
ber, 0.3 m (1 ft) high mounted on a precision-machined base, which acts
as the sample holder. Varying amounts of sample dust are caused to form
uniform clouds by injection of a burst of ailr from a 1310 cm® (80 in3)
reservolr at 70 kPa (10 psi). The injection creatas a momentary over=-
pressure of approximately 3.4 kPa (0.5 psi) in the chamber. As the dust
rises in the chamber, it passes through an AC arc from an 1l kilovolt
transformer. The criterion for explosion 1s the rupture of a paper dia-
phragm which forms the top of the tube; appearance of flame or flashes
is not considered a positive test. Development of 15 to 20 kPa (2.0 to
30.0 psi) within the tube ia required to rupture the paper diaphragm.
The maes of sample is reduced until the lowest mass permitting an explo-
sion to propagate is established to + 5 x 103 gm (1.1 x 10=3 1b). The
minimum concentration for explosion 1s defined as that concentration at
which a positive result is obtained on one out of four trials.

Minimum Ignition Energy

Determination of the minimum amount of electrical energy required
to ignite a dust cloud is also performed in the Hartmann tube, The ex~
perimental procedure is erssentlally the same as for the minimum explosive
concentration with the following variances. The concentration of the '
dust used is kept constant at 5 to 10 times the minimum explosive concen=-
tration. The ignition source 1s a capacitive discharge which must be
timed with the dust dispersion. The spark energy can be varied from 50
to 800 mJ using a variable capacitor bank. The minimum ignition energy
is the lowest level used in which a positive result is obtained in one
of at least four trials.

Minimum Ignition Temperature

The minimum ignition temperature for a dust cloud is determined uding
the Codbert-Greenwald Furnace. The furnace consists of a thermostaticdly
controlled vertical alundum core, would with heating wire so as to pro-
vide uniform temperature throughout its length. The top of the furnaceis
connected through a brass dust chamber to a 500 cm3 (30.5 in3) air reservoir
A buret of oir from the reservoir propels the 0.10 gm (0.0035 oz) sauple
downward through the furnace. Appearance of flame or sparks at the bot-
tom of the furnace is the criterion for a positive trial. The ignition

79

e i L am s wrm——



Fligure 35.

Minimum Ignition Energy Tests Using the SwKI

Lucite Hartmann Apparatus
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temperature is the minimum furnace temperature at which a positive re-
sult 1s obtailned in one or more trials in a group of four. The increment
of temperature variation is 10°C; the highest temperature attainable in
the furnace is B00°C.

Explosion Severity Tests

Dust explosion severity determinations are performed using the
Hartmann Bomb. This apparatus is a steel version of the Lucite Harbmann
, tube shown in Figure 36. A burat of air from a 1310 cm3 (80 in3) reser-
| voir at 70 kPa (10 pai) ls injected into the chamber., As the sample is
dispersed, it flows through an 11 kilovolt AC arc across electrodes 10 ¢m
(4 in.) from the bottom of the tube. The resulting pressure-time history
is recorded on direct writing osclllograph equipment. If an ignition
occurs, the resulting pressure record is analyzed to determine the maxi-
mum pressure and the maximum rate of pressure rise for that particular
event, This experiment is repeated at dust concentrations of 0.1, 0.2,
0.5, 1.0 and 2,0 gm/m3 (,0001, .0002, .0005, .00l and .002 oz/ft3) in order
to determine the concentration for which the most severe reaction develops.

Explosibility Test Results

During this effort, explosibility tests were performed on a
variety of energetic materials., The materials investigated were
Composition B, sodium iiitrate, Composition A-5 and TNT. The test con-
ducted includad: a) minimum explosive concentration, b) minimum ignition
energy, ¢) minimum igniilon temperature, d) volume resistivity, and e) ;
explosion severity, Many of the tests were conducted using the astandard b
small scale dust exploaion chambers (Hartmann and Godbert-Greenwaldt)
described in the previcus section. These small scale tests were con- s
ducted by Hazards Research Corporation, and their results are summarized
in their report which is included as Appendix D, In addition, SwRI con-

B ducted e serles of experiments in the 40% and lu” chambers in which the
i maximum pressure and maximum pressure rise rate developed in Composition '
‘ B and A-5 dust explosions were monitored. These tests investigated the
effects of partlcle sfze, ignitilon source type and delay to ignition,

The Composition B dust used in the experiments was collected from
the dry dust collection system in Building 04-M-40 at Louisiana AAP. The
sodlum nitrat- was obtained from Longhorn AAP and the Compositicn a-5
was obtained from Lonestar AAP. The latter two materials arrived at
SwRI in a granular form and had to be ground to a fine particle size to
produce dust., This task was accomplished with a Molinex coffee grinder
which was controlled remotely. In the various tests described below,
the dust suspended and passed either a =40 mesh (<425 ym or 0,0165 in.)

or a -100 mesh sleve (<150 ym or 0,0059 in.). Unless otherwise stated,
the dust tested was dried to a <1} moisture content.

_The 40 liter chamber consists of a 30.5 cm (12.0 in.) diameter, 61 cm
(24.0 in.) long cylinder with 5.08 em (2.0 in.) thick concrete walls lined
with 0.762 mm (0.03 in.) sheet metal. This chamber is shown in Figure 37.
The dust suapension system consists of an air reservoir, a dust container
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Figure 36,

Hartmann Bomb Apparatus
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Figure 17,

40-Liter Explosion Chamber
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and a nozzle into the chamber., 1In practice, a measured quantity of dust
is placed in the dust container, and the air reservoir, filled to 3.3
bars, is dumped. The resulting air flow entrains the dust and carries
it through the nozzle and into the chamber. In tests conducted with a
transparent cover over one end of the cylinder, we have found that this
system delivers a relatively uniform distribution of dust within the
chamber,

The ignitors used in these experiments were either an AC Arc or a
Boosted Electric Match (BEM), The AC Arc ignitor was exactly the same
ignition system used in the Explosion Severity experiments in the
Hartmann steel bomb. The BEM consisted of an Atlas Powder Company Elec~-
tric Match (Number 250), boosted with 2 gm of FFF black powder. Since
the suspension of the dust achieved in the 40~liter chamber is momenta:y,
attempts at ignition must be timed with the ralease of the dust., 1In
most cases, we have found that a 0.5 second delay between the opening of
the solenoid valve and the firing of the ignitor was optimum. In the
tests with Composition A-5 we found that a 0.25-second delay was optimum
for this material, With the electric arc, the delay to ignitor 1s not
a problem since the arc is struck prior to the onset of suspension, and
maintained throughout the experiment.

BEM ignitor produces a detectible pressure rise when fired alone in
the 40-liter chamber. This pressure rise was determined to be 0.8 bar.
Thus 81l of the maximum pressures produced by the BEM and listed in this
report were reduced by 0.8 bar, No compensation to the pressure rise
rate data was attempted,

Appendix B presents a comprehensive summary of the experiments con~
ducted in the 40-liter chamber. Typlcal pressure wave forts obtained
in the chamber are provided in Figure 38. Note that the reactions shown
at the top of the figure are relatively mild reactlions characterized by
low maximum pressures and pressure rise rates. More severe reactions
are found in the center of the figure, and a severe reaction in which
the 40-liter chamber failed is glven at the bottom of the figure. The
40-1{ter chamber data are summarized graphically in Figures 39 to 41.
Figure 39 presents the explosion severity data for Composition B dust
ignited by the AC arc, These data are characterized by a very steep, _rise
in maximum pressure and pressure rise rate between 260 and 300 gm/m3,
and a slight tapering above this range. When Composition B dust is
lgnited by the BEM, as seen in Figure 40, reactlons are obtalned at
concentrations (100 gm/m3 and up) and the pressure increases less dra-
matically than with the AC arc. Also in Figure 40, the effect of mois=-
ture content is seen to be a substantial reduction in pressure develop-
ment with wet dust (10% by welght) as compared to dry material (<1%).

In the case of the maximum pressure data, the presence of the material
reduces the maximum pressure by 1.) bar over the entire concentration
range tested. Figure 41 presents the data accumulated in the 40-liter
chamber using the BEM to ignite Composition A-5., As stated earlier, we
hlave generally used a 0,5-second delay to ignition for most dusts in this
chamber, lowever, in determining the cptimum time delay, we found that
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l=0.2 BAR C = 198 gm/m3
/ ! _

«<—— 0.85 BAR C = 262 gm/m°

———2.72 BAR C = 273 gn/m>

3
C = 285 gm/m

3.97 BAR '
| i[l\ 1

—— 5.67 BAR C = 500 gm/m°

SECONDS

Figure 38. Pressure Wave Foims Obtained in Composition B
Explosives Ignited by the AC Arc in the
40-Liter Chamber
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for A~5 the optimum delay time was 0.25 seconds. Figure 41 clearly
shows the effect of delay to ignition on the pressure development. Each
delay time investigated can be represented by a curve which parallels
the other delay time curves.

Test Results in the lm3 Chamber

The 1n> chamber consists of a thick-walled chamber with & length
equal toBthe diameter of 1.08 m (42.5 in.,). Thus the interior volume
is 1.0 m” (35.3 ft3). The chamber has 2.54 ¢m (1.0 in.) thick walls and
has been pressure tested to 40 bars. This chamber is shown in Figure 42,
The dust suspension system is similar in principle to that used in the
40~liter chamber, but is more elaborate. The dust system again consists
of an air reservoir, a dust container and a dispersing tube. 1In practice
weighed dust 1s placed in the dust contalner and sealed. The air reser-
volr 1s pressurilzed to 6.7 bar and on command the two solenoid valves
open simultaneously to initiate dust flow into the chamber. One soclenoid
valve is between the air reservoir and the dust container, and this valve
is used to release the alr which is used to drive the dust into the vessel.
The other valve 1s a pneumatic full port (2.54 cm (1.0 in.) diameter)
valve located between the dust container and the lm” vessel. Its function
is to seal off the dust vessel just prior to ignition to contain the reac-
tion within the 1m3 vessel. The dust dispersion ring seen in Figure 43
has about a hundred small diameter holes strategically located to optimize
dust suspension. The dust driven from the dust container flows through dis~
persion rings and into the dust vessel through these many small nozzles.
The dust disbribution throughout the large interior volume chamber was
monitored with a video camera in some preliminary experiments and was
found to be quite uniform. The ignitor used in these experiments was
the same AC arc used in the Hartmann and 40=liter experiments.

Five experiments were conducted in the 1m3 chamber with dry Compo-
Bition B dust, The test data are tabulated in Appendix E along with
the 40-liter chamber data., Figure 43 presents the pressure time curves
obtained in the four experiments in which reactions were measured. The
shape of these traces is simllar to the ones presented in Figure 38 (40
liter data, except the time scale is slightly longer because of the lar-
ger chamber volume). Figure 44 presents the maximum pressure and pressure
ride rate measured in the lm3, 402 and Hartmann tube., These data utilized
in this comparison were for explosions of dry Composition B explosive ignited
by the AC arc ignitor., The highest pressures were measured in the 1m3° ves-
sel, intermediate pressures were obtained in the 40% chamber and the lowest
pressures were measured in the Hartmann Bomb. A similar trend was observed
for the pressure rise data, except the Hartmann bomb and 40% data are of
the same magnitude. These tests indicate that the design of plant facil-
itles and equipment should be based on lm3 chamber results.
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Figure 44a. Comparison of Maximum Pressures Obtained
in Composition R Explosives and Vessels
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CONCLUSIONS

Based on the work performed the following conclusions are drawn:

Plant Sampling

Processcs involving drilling or facing of explosives
generate significantly higher dust concentrations, charge
densities and energy levels, thm processes involving
weighing, pouring, sifting or dropping of explosives.

Flow velucities in the ducting were too low to achieve

a uniform concentration across the ducting. Significantly
higher dust concentrations and charge densities were gen-
erally measured below the duct centerline. This was also
reflected in dust buildups in duct cleanouts and other
duct penetrations placed below the duct centerline,.

Minimum explosive concentrations of explosive and pyro-
technic dusts aye generally in the range of 40 to 1000
gm/m3 (0.04 + 0.1 oz/£t3). The maximum average concen-
tratious measured in the plant sampling were all below
this range with the exception of location 5 at Building
1619 at Louisiana AAP,

Minimum ignition energles are generally in the range

of 0.2 to 8,0 J for explosive and pyrotechnic dusts.

The energies calculated from the charge density measure-
ments are all very low with the maximum energy level
being 700uJ.

The charge density appears to be roughly proportional
to the peak mass flow rate,

Survey of Concentration Equipment Measurement:

Although several dust concentration sensors on the market
show promise for use in Army Ammunition Plants, none
appear suiltable because:

1, 'The range of detectable particle sizes 1is too
narrow, and is biased to smaller particles.

2. Those instruments using exhaustive techniques
do not extract dust at high enough velocities

3. The sensors are not compact enough to be prac~
tical for penetrating the small diameter ducts
common iu the Ammunition Plants.

4. The instruments have too narrow a concentration
range, biased to low concentrattfons,
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Explosion Tests

The molsture content of the dust has a significant
cffect on the pressure generated in a dust explosion.
In tests with Composition B dust in the 40 liter ves-
gsel, the maximum pressure developed with dry dust was
two bars higher than explosions with dust containing

10 percent moisture content. The same effect was noted
for pressure rise rate, except the pressure rise rate
increases more dramatically for dry dust, especlally

at high concentrations.

Relative humidity of the atmosphere also plays an impor=-
tant role in the ignitability and pressure development
of a dust explosion. We were not able to ignite the A-5
dust with the electric arc, These tests were conducted
during a week with nearly 100 percent humidity, The tests
are setup so that the dust is exposed to the atmosphere
for about five minutes prior to ignition. This allows
sufficient time for the dried dust to absorb moisture
from the atmosphere. Thus the particles were harder to
ignite both because of the increased moisture content,
and because of the tendency of Composition A-5 particles
to agglomerate, By contrast, the Composition A-5 in the
Hartmann tests performed by Hazards Research was ignited
fairly easily in the controlled laboratotry atmosphere.

Composition B, Composition A-5 and TNT are all signlfi-
cant dust explosion hazards. When dispersed into a dust
cloud these materials can be ignited by electrical or
thermal ignition sources, Once ignited, Composition

B and A-5 generates pressure at about the same rate

INT generates pressure at a slower rate.

Sodium nitrate is not a significant dust explosion hazard.
No explosions were produced in any test with this material.

Composition A~5 is a significant explosion hazard based

on its ability to generate and store static electricity

for up to 80 seconds low ignition energy and rapid pres-
sure rise rate, (See Appendix D.)

It was observed that higher explosion severities were

obtained in the Hartmann tests using high dellvery pres-

sures then when using lower delivery pressures. This is
probably due to a greater amount of oxygen at higher pres-

sures and increased turbulence in the apparatus. (See Appendix D.)
Explosion pressures were the highest for tests in the lm3
vessel, intermediate for the 40% chamber and lowest in
the Hartmana bomb,
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Based on these last two observations, the design of plant
facilities and equipment should be based on test results
in the 1m3 vessel. Utilization of peak pressures or
pressure rise rates observed in the Hartmann bomb will
result in a nonconservative estimate of the full scale

pressures,
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RECOMMENDATIONS

Although much information is available for explosive and propellant
dust explosions in small chambers or volumes, little information
which can be extrapolated to full scale problems 1s available. Thus,
the design of new plant facilities or evaluation of the safety of
existing facilities which handle explosive and propellant dusts
should be hased on dust explosion tests conducted in the lm” chamber.

The explosion properties of explosive and pyrotechnic dust flowing
through exhaust ducting should be thoroughly examined in other plants.
These tests should investigate electrostatic charge buildup, ignition
thresholds and pressure development as a function of the particle
size, dust moisture content, flow velocity and dust diameter.

ODxplosion mitigation concepts should be formulated and tests conducted
in a simulated exhaust duct to establish the lower and upper explosive
limits for various types of dust.

Based upon the information obtained at Louisiana AAP, additional tests should
be conducted to establish the hazard potential of rectangular ducts
for use in transporting dust.

It is recommended that Louisiana AAP locate their clean-out ports in top

of the ducts to prevent dust accumulations from increasing the potential
of a dust explosion,

To improve the Hartman test data reliability a correction function should
be established from the cubic meter test results.

Tests with air and bar lonizers to reduce static charges in ducts trans-
porting explosive propellant and pyrotechnic dusts should be investigated
in the Longhorn, Lone Star and Louisiana AAP in-process operations to
determine thelr effectiveness.

Additional work efforts arerequired to secure a sensor that can monitor
dust concentrations under dynamic flow in two and four inch diameter ducts,

Where possible, moisture should be added to the air stream transporting
dusts through ducts as a method to desensitizing ignition by electrostatic
charges. Simulated dusttests with controlled moisture addit.ons should be
made to establish the degree of desensitizing the dust to explosive
ignition by electrostatit charges.
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Calculation of Duct Velocity
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Calculation of Duct Veloecity at the ith Traverse Point

) - —4 ¢}
! v, 1096 5
¥

V1 = Duct velocity at ith traverse point

V'Pi w Duct velocity pressure measured by pitot static tube (in. H2°>
i ¢ = Density of the gas stream flowing in duct (1b/£t3)

Mwmix P
P -
RT

MW, = Effect of humidity or molsture in air

. lbs mix (H,0 + air)
MW, = X, x 18 + (1-X.)29 ( 2 )
nix " Ty e 16 mole

xH = Mola fraction of water in air

x.B is obtained from WB & DB Temparaturs

7
_For a WB & DB, obtain Wy, (555&5!-32535553> from psychomatric

1b dry air .
chart :
1 Then
!
| v
i u '
- 12108
\ 5 W
__H 4 .034483
126108

P = Duct static prassure (in. HZO)

J © P = 406.9 + p, p = gage pressure (in. H,0)

k| k

i R = Universal gas constant 297.22 ia. B2° fe i

1b mole °R :

’1 T = Duct Temperaturs (°R)

e 1

- Tw (460 +t), t = °F ;

| . . VP, (460 + t*)

: Vym 18,805 I E 2;(1-1!.!)][406 5+ p] o

| o
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APPENDIX B

o Derivation of Electrostatic Energy Contained in a
Dust=-Filled Duct

e Electrostatic Instrument Calibration

e Development of Sampling Procedures

st
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Electrostatic Energy Contained in a Dust-~Filled Duct

Electrostatic sampling in the field tests was performed in all
cases within circular cross~section ducts. For this geometry, the elec-
trostatic field intensity within the duct can be determined from
Poisson's equation using the cylindrical coordinate system shown in
Figurae 1. In this analysis, assume that (a) the space charge density,
p, contained within the duct is uniform, and (b) the cylinder is suffi-
ciently long that end effects are not factors in the solution, The gen-
eral form of Polsson's equation in cylindrical coordinates is:

2 - -lé_—a. -8.2 l 82° aZ@ -...E
M [, ar:]*;r[m]‘fm ¢ W

vwhere!
& = ppace potential in wvolts;
p = space charge density in coulombs/ma;
e = permittivity of medium in farads/m; and
(r4¢,2) |
Aiso from Figure 1,

coordinates of pnint P,
a = radius of the duct in meters, and
L = length of a finite section of the duct in meters.

With the assumptions mentioned earlier, the last two terms in Equa-
tion 1 are zero; thus, Equation 1 can be reduced to the integral form:

fﬁ‘ R e @

By completing .he two step intagration process an aexpression for
the space potentisl can be found:

AR RS J

and

(4)

2
- 2| X
$ c [ A ] + cllnr + 02

where c1 and C2 are integration constants.
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Figure 1.

AZ

Coordinate System Used in the Solution
of Poisson's Equation
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Since the electric field intensity 18 the negative of the rate of
change of the space potential, Equation 3 yields:

C
L] pr _ 1
E=-3 " 26 T ()

For a duct fabricated of electrically conductive material, the electric
field at the center of the duct is zero, as is the space potential on
the duct's inner surface:

E(r=0) =0 (6)

¢ (r=a) =0 (7)
From these boundary conditions, the integration constants can be evalu-
ated as:

C, =0 (8)

and

2 v
C2 %E— volts. (9)

Substituting the above constants into Equations 4 and 5, the com-
plete solutions for the spacae potential and the electric field are:

o = f%' [32 —r2] volts (10)
and
E "%:" - -%E— volte/m. (11)

Equations 10 and 11 show that the space potential and the elactric
field intensity at any point can be determined by measuring only the
space charge density. Also the charge density can be determined by mea-
suring the electric field intensity at the inner wall of the duct.
Although Fquation 10 for the space potential is somewhat limited for
the present application, Equation 11 is particularly useful as a means
of interrelating the electric field and the charge density within the
duct. There are some cases where it is more practical and expedient to
measure only charge density inatead of the electric field bacause of the
relative size of the electric field sensors and the duct diameter.

Another important consideration is the amount of energy that can

be stored by the electric field within the duct. The enargy contained
within a section of duct with a volume, V, is:
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V=3¢ f E*aV  joules (12)
v

In terms of the charge density, the energy contained in the elec-
tric field for a cylinder of length 2, is:

2 L r2nra
W'%e-f_[f radrdd:z (13)

00 70
2.4
-l I%E£ joules, (14) |

As the length of the duct becomes infinite, the amount of stored |
energy becomes infinite. At some critical duct length, the amount of !
stored energy will exceed the ignition energy of the explosive or pyro-
technic material being transported in the duct., Not all of the energy ‘
contained in the duct is sver available at one discharge point. On this
basigs it is reasonable to limit the length of duct to 10 diameters to '
egtablish the energy avallable for discharge in the design or evaluation
of munitions plant ductwork for an &/d ratio of 10, the total energy

stored in the duct by a charge density of p, and which may be available
for discharge is:

W 5n92u5
€

3 joules. (15)

Electrostatic Instrument Calibration.

The procedures required for calibrating the Monroe Electric
Flcldmeter involve the use of a voltage standard and a large parallel
plate capacitor., The electric field between the iwo parallel plates
can be calculated with precision as a function of the voltage across
the plates. The calculated electric fileld 1s then used to determine
the calibration constants of the Monroe Electric Fleldmeter.

To calibrate the charge density meter, simultaneous electrostatic
measurements must be made using the charge density meter and the elec-
tric fieldmeter in a standard geometry configuration in which the elec-
trostatic field conditions are known. By comparing the simultaneous
measurements under a uniform space.charge condition, the electric fleld-
meter was used as a standard for determining the tranafer function for
the charge density meter., This transfer function accounts for the
effects of the medium being measured, the flow conditions through the
Instrument, and the characteristics of the sampling hose. Calibration
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measurements were possible during the sampling performed in the 30.5 cm
(12 in.) diameter ducting at Building 1611 at Louisiana AAP. From these
tests the instrument transfer function was determined using Equation 11l
and the simultaneous measurements of the electric field and the charge
density. The transfer function is based on Composition B explosive dust
flowing through 30.5 m (100 £t) of 2.54 em (1 in.) diameter conductive
hose at 9.4 &/8 (20 cfm):

p= 36.9 [ 100] v, nc/m’ * (16)

where:
G = gain of the charge density instrument
and
V° = output voltage of the charge density instrument.

S8ince the electric field could not be measured in the small dia-
meter ducts, Equation 16 was used to estimate the charge density at
these sample locations.

As part of the preparation for the plant sampling, SwRI designad
and fabricated a test fixture which was used to simulate dust flow in
a duct, This f£ixture was built primarily to test our sampling proce=
dures, and to determine if any modifications were required to our samp-
ling equipment, The duct simulator ig shown in Figure 2, This fix~
ture consists of three major parts: a) the dust suspension system, b)
the duct, and c) the dust collector. The suspension system is shown in
Figure 3 and consists of a centrifugal blower to achieve the dust
flow, and a screw feader to meter accurately the amount of dust injected
into the flow, The duct conelsts of 4.6 m (15 faeet) of 20.3 cm (8 inch)
diameter duct and 4,6 m (15 feet) of 30.5 cm (12 inch) diameter duct.
The duct and axpansion joints are made from standard galvanized air con-
ditioning ducting. The dust collector, shown in Figure 4 consists of
two 55 gallon barrels housing a water spray nozzle for dust removal,
In the tests, little or no dust was szen to escape from the top of the
barrels, which indicates that the collector was reasonably efficient.
The duct simulator in the present configuration is capable of generatin
alrflows of 26 9 m3/min (950 £t3/min) and dust concentrations of 4 gm/m
(0,004 oz/ftd).

The duct simulator was used to trouble shoot our air sampling pro-
cedures. In these tests we used concrete dust as the test material to
avoid explosion problems. During these tests two equipment problems
wete indicated. The charge density meter accumulated so much dust that
1ts ability to injest and measure the charge density was impaired. The
stainless steel wool in the filter was replaced by a series of steel

¥ 1nC/m> = 1.0 x 10~? coulombs
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screens to avoid this problem, In a series of trials the optimum number
of screens and screen placement was determined. The modified charge
density meter performed very well in the actual sampling. The other
problem had to do with dust concentration measurement., The dust concen-
tration was to be measured with millipore filter casettes as seen in Fig-
ure 5., These casettes were intended for personnel sampling applica-
tions, in which low airflow rates are used to transport the dust to the
filter. In order to get dust samples representative of duct conditions,
the samples must be withdrawn from the duct isokinetically. This means
that the sampling velocity must be the same as the velocity in the duct.
In the tests that were performed at SwRI, the filtaer paper in the
casettes was damaged at the high flow rates representative of plant con-
ditionas, To correct this problem, the standard cassette inlet was en-
larged to reduce the impact velocity on the filter paper. The modified
casette proved to be satisfactory in the actual sampling.
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Figure 2. Overview of the Duct Simulator
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Figure 3.

The Dust Suspension System
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Figure 4. The Wet Dust Collector
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Figure 5. Millipore Filter Casette Used to
| Collect Dust Concentration Data
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AFPENDIX C

Dust Detection Instrumentation Data Sheets
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The specifications of the more promising instruments identified during the
instrument survey are presented in the instrument data sheets which are available

from the following manufacturers:
Model 200 Aerosol Dust Monitor
Model 209 Particle Counter
Model 220 Multi-Range Particle Counter
Model 245/507 Particle Counter
Model 225/518 Particle Counter
Model 245/518 Particle Counter

Model 2710 In-Stock Continuous Particulate
Monitor

Model P-5A Particulate Monitor

Model APDA-200F Indoor Dust Monitor

Net One
154 San Lazaro Avenue
Sunnyvale, CA 94086

Royco Inastruments, Inc.
141 Jefferson Drive
Menlo Park, CA 94025

OMNI-WAVE Electronics
Corporation

Blackburn Industrial Park

Gloucester, MA 01930

Environnental Systeus
Corporation

1212 Plerce Parkway

Knoxville, TN 37921

Horlba, Ltd.
Miyanohigashi, Kisshoin,
Minami=-Ku, Kyoto, Japan
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This report summarizes the results of a series of
experiments performed by Hazards Research Corporation,
Rockaway, New Jersey, for Southwest Research Institute
of San Antonio, Texas, under Standing Order No. 2383.
Contact with Southwest Research Institute was maintained
through Mr. Jim Hokanson,
The purposes of this program were to determine the
following for Composition A-5, TNT and sodium nitrate:
(1) Minimum Explosive Concentration of a Dust Cloud
(2) Minimum Spark Ignition Energy of a Dust Cloud
(3) Dust Explosion Severity
(4) Volume Resgistivity of a Dust Layer
An additional experimental series was performed on
sodium nitrate to determine its minimum dust cloud ignition
temperature, |
MATERIALS |
HRC performed a volatiles content analysis on the three
samples supplied by the c¢lient. Results of this analysis '

are presented in the following table:

Sample Volatiles Content
TNT 0.256%
Composition A-bH 0.10%
Sodium Nitrate 0.20%

All three materials were impact ground in a mill then
dried to 0% volatiles. Only dry material that passed through

a 100 mesh sleve was used for the experiments,
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DESCRIPTION OF EXPERIMENTS

All experiments were performed at an ambient temperature
of 21°C + 2°C and a relative humidity of 40% * 5%, In
order to evaluate the effects of dust dispersion pressure f
on the experimental results, two sets of dispersion apparatus
were used on this program for the minimum explosive concentration,
minimum ignition energy and explosion severity experiments.
The apparatus have been designated the "1 bar' and "6.9 bhar'"
dispersion systems respectively. Ordinarily, the standard
procedure at HRC is to use the "1 bar system'" for the minimum
concentration and ignition energy experiments and the "6.9
bar system” for the explosion severity experiments. The \ |
differences between these two systems are detailed in the s
tasks that follow.
Task 1, Minimum Explosive Concentration of a Dust Cloud

The minimum explosive concentration or the lower explo-
sive 1imit of a dust sample is determined in the Hartmann
apparatus., A welghed umount of dust 1s spread in a thin
layer in the dispersion cup. The top of the Hartmann tube
(Lucite) 1s covered with a filter paper diaphragm held in
place by a locking ring, A 0,16 cm hole is made in the center
of the filter paper to prevent pressure bulld-up in the
tube from the dispersing air and the tungsten electrodes
are adjusted to a gap length of 0.48 em. The dust cloud is

formed in the Lucite tube by releasing air from a 1,31
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liter reservoir through the full-port solenoid valve;
optimum air pressure is 1 bar, This combination of the
1.31 liter air reservoir and 1 bar air pressure is the "1
bar system'.

Following ignition of the dust, sufficient pressure
must develop to burst the filter paper diaphragm; appearance
of flame in the tube is not considered propagation. The
pressure required to burst the paper diaphragm is about
0.2 bar, depending on the rate of pressure rise, If propa-
gation ocecurs for a given weight of dust, the weight is
reduced by a five-milligram increment and another trial
made until a quantity is obtained which fails to propagate r
flame in any of four successive trials, The lowest welght |
at which flame propagates i1s used in calculating the minimum
concentration, Tests are made with the electrodes 10 cm
from the bottom of the tube.

Task 2. Minimum Spark Ignition Energy of a Dust Cloud

The minimum electrical energy required to lgnite a dust
cloud is determined in the Hartmann apparatus. It consists
of a vertically mounted, seven cm diameter combustion tube
30,5 cm long and auxiliary equipment for producing the dust
dispersion. The tube, made of Lucite, im attached to a
cylindrical metal base (dispersion cup) by four brass bolts,
The top of the tube 1s covered with a filter paper diaphragm
held in place by a locking ring. The total free velume of
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the test chamber is 1.23 liters. Dispersion is accomplished
by a single blast of air from a 1.31 liter reservoir. Air N
pressure in the reservoilr is 1 bar. The quantity of dust
dispersed is five times the minimum explosive concentration
or a maximum of 2 gm/liter. Concentrations greater than
2 gm/liter cannot be dispersed in this apparatus.

The igniting spark passes between two pointed, 20
gauge tungsten electrodes that are separated by a 0.64 om
air gap. These electrodes are mounted 10 cm above the base of
the tube, Electrical energy for the spark ignition is
obtuined from the discharge of condensers at 100 or 400 . ‘
volts., The bank of ten condensers has a capacltance range of
2 to 100 microfarads. This combination of voltage and
capacitence allows energy levels to be varied from 80 to '
500 millijoules in 50 millijoule increments (at 100 volts)
and from 800 to 8000 millijoules in 800 millijoule increments '
(at 400 volts),

The energy of the spark (in joules) is calculated as
0.5 CV2 where C is the capacitance of the condensers in
farads, and V 18 the charging potential in volts. Dust
cloud minimum ignition energy is the least amount of energy

required to produce flame propagation of 10 cm or longer in

the tube. PFour trials are made at each condenser settiug;
however, 1f the dust ignites in initial trials, lower

energy is tried until a minimum is obtained.
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Task 3. Dust Explosion Severity Determination

Dust explosion severity determinations are performed
using the Hartmann Dust Explosibility Bomb designed at the
U. S. Bureau of Mines (Bruceton Station). The system consists
of a 1.23 liter stainless steel cylindrical chamber, 30 cm.
high, mounted on a precision-machined base, which acts as
the sample holder. A burst of air from a 0.049 liter reservoir
at 6.9 bar is injected into the base to disperse the sample
uniformly throughout the chamber. This combination of the
0.049 liter air reservolr and 6.9 bar alr pressure is the
"8.9 bar system',

The quantity of air used to disperse the dust brings
the pressure in the chamber to effectively 0.2 bar. When
the sample is dispersed, an induction arc from an 11 kilo-
volt transformer is struck between tungsten electrodes 10 cm.
from the base., If ignition occurs, maximum pressure and
rate of pressure rise are monitored on high speed recording
equipment.

Experiments ure performed as & function of dust con-
centration at levels of 0.1, 0.2, 0.5, 1.0 and 2.0 gm/liter
g0 that the concentration for maximum burning rate is determined,

Explosion severity is defined as follows:

Explosion _ Max.Press. x Max.Press.Rise Rate (Sample)
Severity Max,Press. x Max.Press.hiise Rate (Pittsburgh Coal)
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Task 4. Volume Resistivity of Dust Layer

The volume resistivity is measured in an apparatus
which contains three basic components: (1) a high voltage
(D.C.) power supply, (2) a test cell designed specifically
for particulate materials and (3) an electrometer capable of
measuring currents of the order of 10'14 amperes. Figure 1
is a schematic of the test apparatus.

In performing an experiment, the current through the
standard sample geometry ig measured as & function of

applied voltage. The volume resistivity 1s given by the

following relationship:

o = %% ohm-cm
where:

p - Volume Resistivity, chm~-cm

E = Applied Potential, volts

A = Cross~sectional area of disc electrode,
g, Cm,

1 = Current measured at the electrometer, amperes

L = Thickness of sample layer between electrodes,
cm,

For the test apparatus used on this program, the
following values are constant in the above equation:
E = 1,000 volts A = 5,08 sq.cm, L = 0.50 cm,
Ten measurements are made at each test condition.
Volume resistivity 1s calculated for each reading and the

results of the ten readings are averaged.
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Tagsk 5. Minimum Ignition Temperature of a Dust Cloud

The minimum ignition temperature for a moving dust
cloud is determined using the Godbert-Greenwald Furnace
developed at the U.S, Bureau of Mines (Bruceton Station).
The furnace consists of a thermostatically controlled
vertical alundum core (23 cm, long by 3.7 em. 1.d.) wound
with heating wire mo as to provide uniform temperature
throughout its length. The top of the furnace is connected
by glass tubing through a brass dust chamber to a 500 cc air
reservolir at 0.2 bar, A burst of alr from the reservoir
propels the sample (0.10 gm) downward through the furnace.
Appearance of flame or sparks at the bottom of the furnace
i8 the criterion for a positive trial. The ignition tempera-
ture is the minimum furnace temperature at which a positive
result 1s obtained in one or more trimls in a group of four.
The increment of temperature variation is 5°C; the highest
temperature attainable in the furnace is 800°c.

EXPERIMENTAL RESULTS

The results of this test program are summarized in
Tables 1 through 10, Plots of maximum pressure and maximum
rate of pressure rise as a function of concentration are
presented in Figures 2 through 5. Pressure vs. time
traces of the oscillograph records are presented in Filgures

8 through 9.
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DISCUSSION OF RESULTS
Minimum Explogive Concentration

Tables 1 and 2 present the results of the minimum
concentration for explosion tests. It is seen that, in
the "1 bar system', the TNT ignited at the lowest value
0.075 gm/1, Composition A-5 ignited at 0.120 gm/l1 and
godium nitrate did not explode,

Results presented in Table 2 for the "6.9 bar system"
revenl that both materlals ignited at higher concentrations
using the high pressure dispersion system. TNT ignited
at 0.110 gm/1 mnd Composition A-5 ignited at 0.135 gm/1.

In both dispersion systems, TNT ignited at a lower concen-
tration than the Compomition A-5.

It is worthwhile noting that most combuastible dusts
ignite at about a 0.05 gm/l concentration. A man standing
in a room containing a uniformly dispersed dust cloud at
a 0,05 gm/1 concentration will not be able to see his
outstretched hand,

Minimum Spark Ignition Energy for Dust Clouds

Minimum spark ignition energy results for both dispersion
gystems are presented in Tables 3 and 4, In Table 3, it is
noted that TNT ignited at 0.20 Jjoules while Composition A-7
ignited at 0.15 Jjoules. Sodium nitrate did not ignite at the
8 joules maximum capaclty of the test apparatus., There was

no change in results for the TNT in the "6.9 bar system",
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however, the Composition A-7 ignited at a higher value (0.30
Joules) in this system,

The significance of this data is that it is possible
for ungrounded processing equipment to store and discharge
the energy levels that have been shown to ignite the TNT
and Composition A-5. Therefore, electrical grounding and
bonding of all conductive elements that contact these
materials is strongly recommended. In addition, non-
conductive materials should not be used in systems handling
TNT or Composition A~5 powder.

Explosion Severity

Results of the explosion severity experiments are pre-
sented in Tables 5 and 8. Calculated values of explosion
severity are found in Table 9.

The relative explosion hazard of a dust is classified
by the Bureau of Mines by rutings of weak, moderate, strong
or severe. The ratings are correlated with the empirical

index as follows:

Relative Explosion Explosion
Hazard Rating Severity
Weak <0.5
Moderate 0.5 - 1.0
Strong 1,0 - 2,0
Severe >2.0

R



HRC Report 4737
Southwest Research Institute

HAZARDS REREARCH
CORPORATION

Based on the index given above, it is seen that TNT
and Composition A-5 both qualify for a ''severe' explosion
severity rating regardless of the dispersion system used.
Sodium nitrate did not propagate a dust explosion in the
Hartmann apparatvs,

Upon studying the results presented in Table 9, it
is seen that the dispersion system has a significant
effect on the explosion severity. It is clear that the
"6.9 bar system'" results in a much more energetic dust
explosion. TNT explosion severity values were 4.4 and 10.8
for the "1 bar system'" and "6.9 bar systems'" respectively. .
Similarly, Composition A-5 values were 21.4 and 39.2,.
Electrostatic Charge Leakage Rate and Volume Resistivity

The charge leakage rate from a sample is dependent
solely on the parameter known as relaxation time, tr. Relaxe-
tion time depends on the volume resistivity (p), and the

dielectric constant (K) of the material. “Mathematically,

L, = 8.85 x 1071 K p
Where:
r = volume resistivity, ohm-cm
K = 4,5, the average dielectric constant of TNT and

Composition A-bH
In general, the value of the relaxation iime 1is determined
by what leakage paths are available to the charge generated.

The leakage path through air depends on the presence of ions
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and the possible presence of ionizing material. The leakage

path through pocders involves the resistivity of the powders,
which is dependent on humidity and packing. For dust layers

up to 1 inch thick, the relaxation times are calculated using
the above relationship.

The measured volume resistivities and the calculated
relaxation times for the three materials are presented in
Table 7. 1t is seen that the Composition A-5 sample will
hold en electrostatic charge the longest (83.6 sec.). The
TNT sample is the second best charge retainer (0.16 sec,)
followed by sodium nitrate (0,14 sec.).

It should be noted that the general rule of thumb for
evaluating electrostatic charge accumulation hazards is
to consider relaxation times of less than one second to be
ingignificant. Hence, the TNT and sodium nitrate samples
would not be considered to be sighiflcant static charge
generating hazards in an electrically grounded prncess
system. However, Composition A-B 1s capable of generating
and storing electrostatic charges for a signlificant period
of time.

Minimum Ignitioa Temperature of Dust Clouds

Results presented in Table 8 reveal that sodium nitrate

could not be ignited as a dispersed dust cloud when passed

through a 735°C thermal environment.
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CONCLUSIONS
Results of the experiments performed on this program
are summarized in Table 10. These results reveal that TNT
and Composition A-5 can be ignited as a dispersed cloud
' using an electrical ignition source. Sodium nitrate does
not propagate a dust explosion when subjected to an 11,000
volt electrical discharge at dust concentrations up to
2.0 gm/1, Once ignited, the Composition A-5 sample generates
f pressure at a faster rate than TNT. Composition A-5 and
f. TNT both qualify for a ''severe' explosion severity rating.
Composition A-B is the more hazardous of the two
b explosives based on its ability to generate and store static
electricity, low minimum igh}tion energy and extremely
rapid rate of pressure rise. TNT is not capable of storing
electrostatic charges for durations greater than 1,0 second,
however, it 1is sensitive to ESD ignition. Sodium nitrate
is not a dust exp.osion hazard since no ignitions were
observed in both the thermal and electrical ignition
cXperiments,

The effect of dispersion systems on results 1s very
significant. Lower minimum concentrations and ignition
energies result from using the ''1 bar system'. Higher
explosion severities result from the ''6.9 bar system',

It is beyond the scope of this report to explain this
phenomena, However, it is clear that as dispersed dust cloud

concentrantions of Composition A-B exceed 1.00 gm/l1l, it is

possible to have a "detonation" instead of an "explosion'. -
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Table 1, Minimum explosive concentration for dust clouds
three materials-1 bar system

TNT

Concentration Results
(gm/1) +indicates combustion
~indicates no combustion

0.100
0.090
0,086
0.085
0.080
! 0.075
: 0.075
¥ 0.070
' 0,070

0.070
b . 0.070

I 2

The minimum concentration required for com-
bustion is 0,075 gm/1,

l; Composition A-5

0.200
0.150
b 0.140
0.135
0.130
0.125
0.120
0.115
0.115
0.115
0.115

NEEE LY

The minimum concentration rquired for com-
bustion is 0,120 gm/1,
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Table 1. Minimum explosive concentration for dust clouds
of three materials-1 bar system (cont.)

Sodi nitrate

Concentration Results
gm/1 +indicates combustion
~indicates no combustion

2.00
2,00
2.00
1.50
1.25
1.00
0.50
0.20
0.10
0.056

The sample could not be ignited in the dispersed
dust cloud phase at concentrations up to 2.00 gm/1,
\ The test apparatus is not capable of dispersing
: concentrations of this material above this value,
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Table 2, Minimum explosive concentration for dust clouds
of three materials-6,9 bar system

TNT

Concentration Results
' (gm/1) +indicates combustion
‘ -indicates no combustion

0,150
0.135
0.130
i 0.125
0.120
’ 0.115
0.110
0.105
0.105
0.1056
0.105

I T T T S S S St S

The minimum concentration required for com-
bustion is 0,110 gm/1,

Composition A-H

0.150
0.145

0.140
f 0.135
0.130
0.130
f : 0.130

1111 ++++

0.130

J The minimum concentration required for com-
1 bustion 1s 0.135 gm/1.
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Table 3, Minimum spark ignition energy for dust clouds of
three materials-1 bar system

Ener
Ejoulesj

OCO0OCOO0OCO0OO0OCOCO

e @ e * » = e +2 @& ® =

el el =R SYAA R ]
OUIOoOOCUmO WO O

TNT

Results

+ indicates combustion
~ indicates no combustion

L T T T S S A

The minimum spark ignition energy for
this sample is 0,20 joules at a 0.70 gm/1
dust concentration,

- T A0S ) B G R oy P

0.50
0.30
0.25
0.20
0.156
0.15
0.10
0.10
0.10
0.10

ot s .

Composition A-5

it ++++

The minimum spark ignition energy for this
sample is 0.15 joules at a 0.60 gm/1 dust concen=-

tration.
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Minimum spark ignition energy for dust clouds

of three materials-1 bar system (cont.)

Sodium nitrate

Ener
oules

8.00
8.00
8.00
8.00
8.00
8.00
8.00
8,00
8.00
8.00

Results

+ indicates
- indicates

combustion
no combustion

The minimum spark lgnition energy for
this sample 1ls greater than the 8,00 joule
maximum capacity of the test apparatus, All
trials were performed at a 1.0 gm/l dust cloud

concentration.
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Tahle 4. Minimum spark ignition energy for dust clouds of
three materials-6.9 bar system

TNT
Energy Results
(jJoules) + indicates combustion

- indicates no combustion

0.50
0.48
0.35
0.35
0.25
0.20
0.20
0.15
0.15
0.15
0.156

tr 11 ++++++ 4+

The minimum spark ighition energy for
this sample is 0,20 joules at a 0.5 gm/1
dust concentration,

Compcsition A-5

0.50
0.40
0.35
0.30
0.30
0.25
0.25
0.26
0.25

I A s

The minimum spark ignition energy for
this sample is 0,30 joules at a 0.5 gm/1
dust concentration.
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‘ Table 5, Maximum pressure and rate of pressure rise in
' explosions of dust clouds of three materials-
o 1 bar system
' }[ T™™NT
: i
( Concentration Maximum rise rate Maximum pressure
- (gm/1) (bar/sec.) (bar)
L
. 0.10 59 1.8
} 0.20 197 2.8
% 0.50 363 4.6
: 0.75 579 5.4
b
b 1.00 700 5.7
Composition A-H
: 0.10 0 0
: 0.20 211 2.9
' 0.50 1145 6.3
b 0.76 1421 9.4
!
f 1.00 1€.28 11.9
i
b
é
£ 143
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Table 6., Minimum pressure and rate of pressure rise in
explosions of dust clouds of three materials-
6.9 bar system

TNT
Concentration Maximum rise rate Maximum pressure
(gm/1) (bar/sec.) (bar)
0.10 0 0
0.20 378 3.7
0.60 938 6.1
0.75 1214 7.2
' 1.00 12097 7.8

Composition A-B

0.10 0 0

0.20 308 3.2
: 0.50 1448 7.3
i 0.75 2317 9.4
| 1,00 2759 12.9

W e e R e 0t B ahe 0 L0 S S g s P o S M B it M 0 Y S B O W e b G e s O

Sodium nitrate

!
!
; 0.10
J

0 0

; 0.20 0 0
; 0.50 0 0
i 1.00 0 0
2,00 0 0

This material could not be ignited as a
dispersed dust cloud at concentrations up to
2.00 gm/1,
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Table 8. Minimum ignition temperature of dust clouds of
gsodium nitrate

Tempersture Resgults
EOCS +indicates combustion
~indicates no combustion

735 -

735 -

735 -

730 -

730 -

730 -

730 -

| 725 -
; 700 -
; 700 -
: 600 -
400 -

The minimam ignition temperature for
dust clouds of the sample is greater than
736°C. This material could not be ignited
at temperatures up to 735°C in the Godbort-
Greenwald furnnce.
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Mechanical Guide
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Electrometer

2,54 cm Dia, by 0,32 ¢m thick (SST)

=

0.08 ecm Air Gap

Dust particles ———=w

AATTERSNON S
XY ,’.l-l' S c..--.:.“. 'v. K
N '.l.t:l:‘ RN

DO DI O
Yo S ate i
R IR

Figure 1,

\ Dust Cup, 0.5l cm deep,
7.62 em L. D, (SST)

0-3,1kv

Negative ___J___

High Voltage

Power Supply (D. C.)

Volume resistivity measurement apparatus
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